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Mr. H. E. Howe has been appointed a member of the Committee on 
Reagents and Apparatus. 

MEMBERS ELECTED BETWEEN OCTOBER 15 AND NOVEMBER 15, 1919. 
Adriano, Felipe T., Hartley Hall, Columbia University, New York City. 
Albrecht, Herbert 0 ., 8 Wendell St., Cambridge, Mass. 

Allbright, W. B., 4937 Dorchester Ave., Chicago, Ill. 

Bailey, E. M., Agricultural Experiment Station, New Haven, Conn. 
Bams, Helen V., Flatwoods, W. Va. 

Bartlett, Ethel L., 536 S. Liberty St., Winston-Salem, N. Carolina. 
Bartow, Virginia, Goucher College, Baltimore, Md. 

Beard, Leslie C., Jr., 1120 Linden Ave., Baltimore, Md. 

Becker, Carl, Illini Hall, Wright St., Champaign, Ill. 

Beebe, S. P., 417 Park Ave., New York City. 

Bennett, Joseph, Windsor Print Works, North Adams, Mass. 

Berger, Henry G., 407 W. Healcv St., Champaign, Ill. 

Berkeley, Cyril J., The Biological Station, Nanaimo, B. C. 

Blew, Michael J., 101 W. Chestnut St., Louisville, Ky. 

Bloomberg, John, cr. Freeport Sulphur Co., Freeport, Texas. 

Bracken, Oliver I,-, 28 East 7th St., Chillicothe, Ohio. 

Brenton, Walter, 1048 W. Market St., Akron, Ohio. 

Brockman, Charles J., 3 N. Main St., Nazareth, Pa. 

Brown, Ralph W., cr. American Bauxite Co., Bauxite, Ark. 

Bryan, Russell R., Eureka, San Juan County, Colorado. 

Buffington, R. M., 1614 Kentucky.St., Lawrence, Kansas. 

Bulbrook, Harry M., Indian Head, Md. 

Busch, Henry P„ too6 Spruce St., Phila., Pa. 

Byers, M. L., 16 Webster Place, E. Orange, N. J. 

Cad well, Sidney M., 561 W 38th St., New York City. 

Cantwell, Garrett R., Elsmere, Delaware. 

Carlson, Lewis H., cr. Frederick Steams & Co., Detroit, Mich. 

Casey, Richard G., 125 William St., Melbourne, Australia. 
Chamberlain, Frederick H., 806 First Place, Plainfield, N. J. 

Chen, T. Y., Box 105, Washington, Pa. 

Church, John F., 121 Main St., Peabody, Mass. 

Cole, J. Bishop, 807 Southern Ave., Mt. Washington, Pittsburgh, Pa. 
Coven, Allen W., 1122 West Ave,, Elyria, Ohio. 

Creelman, Fred N., No. 49 Parker Hall, Bates College, Lewiston, Maine. 
Davidson, Arthur W., 601 West 137th St., New York City. 

Davidson, Harry, 6011 Osage Ave., Phila., Pa. 

Davis, George W., Eagleville, Missouri. 

Dick, Abraham H., 952 Tiffany St., New York City. 

Duhring, Edwin L., cr. Charles Enen Johnson & Co., Phila., Pa. 
Dunning, Joseph W., 18 Maple Terrace, Rahway, N. J. 

Eaton, Carl H., 67 Murdock St., Youngstown, Ohio. 

Eckels, H. L., 1922 Arch St., Phila., Pa. 

Egidius, Thorvald F., Servaas Bolwerk 10, Utrecht, Holland. 



Solders, Raymond E., 124 West 8th St., Oklahoma City, Okla. 

Sellman, Frank R., 1344 48th Ave., San Francisco, CaUf. 

Sivitz, William I., Aluminum Co. of America, New Kensington, Pa. 
Smith, K. Dolbeer, Syracuse Rubber Co., Syracuse, N. Y. 

Smith, Leland R., 9908 Lamont Ave., Cleveland, Ohio. 

Soars, C. Austin, 5003 Chester Ave., Phila., Pa. 

Sporkin, Charles H., 1308 N. Seventh St., Phila., Pa, 

Stewart, Andrew, 1442 Clifton St., N. W., Washington, D. C. 

Svanoe, Hans, cr. Mrs. Taylor, 710 4th St., Niagara Falls, N. Y. 
Swayze, Myron A., Texas Portland Cement Company, Houston, Texas. 
Swett, Francis S., Fort McKinley, Portland, Maine. 

Tabem, G. W., 10 Twelfth St., Detroit, Mich. 

Taft, Robert, Ottawa University, Ottawa, Kansas. 

Thomas Theodore, 717 Forbes St., Pittsburgh, Pa. 

Trevithick, Gladys I., 424 Duck St., Stillwater, Okla. 

Updike, Ira A., The Graduate College, Princeton Univ., Princeton, N. J. 
Vandaveer, F. Ewart, 604V2 E. Stoughton St., Champaign, Ill. 

Van Tassel, Edward D., Jr., 120 Franklin St., Newton, Mass. 

Vaupel, H. F., cr. El Reno Mill & Klv. Co., El Reno, Okla. 

Wade, W. M., 385 Pilgrim Ave., Highland Park, Detroit, Mich. 
Wakefield, R. A., Va. Union University, Richmond, Va. 

Wallis, Charles H., 703 Wynncwood Road, Phila., Pa. 

Walter, Albert, cr. Stauffer Chemical Co., Tne., Chauneey, N. Y. 
Watson, Ralph A., 333 So. 12th St., Phila., Pa. 

Webber, Wolfert G., Harvard Mecidal School, 240 Longwood Ave.. 
Boston, Mass. 

Welcome, Carl J., Wallaceburg, Ontario, Canada. 

Wendkos, Jesse, 1252 S. 17th St., Phila., Pa. 

Wood, Howard D., 174 Holland St., Lewiston, Maine. 

Wood, Robert E-, 918 Court Merill, Mitchell, So. Dakota. 

Zilliok, WiUiam G., 603 Vernon Ave., W., Fergus Falls, Minn. 
CORPORATION MEMBER. 

Carnotite Reduction Co., 2553 South Park Ave., Chicago, Ill. 

MEETINGS OF THE SECTIONS. 

(Full accounts of ah meetings should be sent to Secretary Charles L. Parsons, 

1709 G Street, N. W., Washington, D. C ] 

CINCINNATI SECTION. 

The regular meeting of the Cincinnati Section was held Wednesday 
evening, November 12. 

Program: “The Rare Earths, Their Production and Utilization,” with 
special reference to Thorium, Cerium and Mesothorium; illustrated by 
lantern slides, samples, etc., by Dr. H. S. Miner. A . o s*oddv, Sectary. 

CLEVELAND MEETING. 

The first Autumn meeting of the Cleveland Section of the American 
Chemical Society was held Monday, November 3. 

Mr. R. S. McBride, Engineer Chemist, of the U. S. Bureau of Standards, 
discussed, “Some Principles Underlying Municipal Gas and Fuel Supply." 

R- D. Laxdrum, Secretary, 



COLUMBUS SECTION. 

Met on Friday evening, October 31. Dr. Harvey W. Wiley addressed 
the Section and was the guest of the Section at an informal dinner. 

Jms* E. Dat, Setrclary. 

CORNELL SECTION. 

The Section met at Morse Hail, Thursday, October 30, 1919. Pro¬ 
gram: “Gas Warfare,’’ by Dr. L. A. Maynard. f r. gboaoza, 

DELAWARE SECTION. 

Regular meeting, Wednesday, October 29, 1919, Wilmington, Del. 
Address: "The Rubber Industry,” by Dr. W. C. Geer, Vice-President 
of the B. F. Goodrich Company. j. howa*d ckabam. s«r«*., y . 

DETROIT SECTION. 

The one hundredth and tenth meeting of the Detroit Section was held 
Thursday evening, October 16. The speaker of the evening was Dr. 
J. H. Ransom, of the Michigan Smelting Co., on the topic: “The Cause 
of the Sweet Taste of Organic Compounds.” d s. p»n, stauary. 

INDIANA SECTION. 

The October meeting of the Indiana Section of the American Chemical 
Society was held Friday, October 17. Speaker: Dr. Frank C. Mathers, 
Assistant Professor of Chemistry, Indiana University. Subject: “Some 
Experiments with Free Fluorine.” 

The following officers were elected: President, H. W. Rhodehamel; 
Vice-President, E. G. Mahin; Secretary and Treasurer, E. B. Carter, 2615 
Ashland Ave., Indianapolis; Executive Committee, Helen C. Gillette, J. 

C. Diggs, and R. Chester Roberts. 

The Indiana Section of the American Chemical Society met Friday, 
November 14, 8.00 p.m. Speakers: Major Harry E- Jordan, Supt. of 
Filtration, Indianapolis Water Co. Subject: “The Water Purification 
Plants of the Army Cantonments in the United States;” and Captain 
John C. Diggs, Water Engineer State Board of Health. Subject: “The 
Water Purification Plants of France.” edoa* b. c«tn, statvy. 

LEHIGH VALLEY SECTION. 

The Lehigh Valley Section met at Lehigh University on November 
14 - 

Program: Mr. J. George Lehman, General Manager of the Bethlehem 
Foundry and Machine Company, “Some Innovations in Bethlehem- 
Built Apparatus.” Mr. E. R. Shimer, Sales Metallurgist, Bethlehem 
Steel Company, “Chemical Engineering in the Bethlehem Steel Company.” 
Professor J. W. Richards, “Metallurgy—Educationally and Technically.” 
Professor H. W. Ullmann, “Chemistry at Lehigh University.” Professor 

D. S. Chamberlain, "Fuel Products.” Professor J. 1 ®, Long, “Linseed 
Oil in the Patent Leather Industry." 
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LEXINGTON SECTION. 

The 57th meeting of the Lexington Section of the American Chemical 
Society was held on Thursday, November 13, 1919. 

Program: An illustrated lecture by Mr. Harlan S. Miner, Chief Chemist 
of the Welsbach Company of America, Gloucester City, New Jersey. 
Subject: “The Rare Earths, Their Production and Utilization," with 
special reference to Thorium, Cerium, and Mesothorium. 

Grto R. Bancroft, Secretary. 

MARYLAND SECTION. 

The 37th regular meeting of the Maryland Section of the American 
Chemical Society was held on Friday evening, October 17, at which 
officers for the ensuing year were elected as follows: Dr. Frederick C. 
Blanck, Chairman; Mr. F. M. Boyles, Vice-Chairman; Mr. C. Clifton 
Howes, Secretary . c. custom Rowbs, secretary 

MILWAUKEE SECTION. 

October meeting, Friday, October 24. 

Mr. John A. Wilson, Chief Chemist of A. F. Galluu & Sons Co., gave 
a paper on, “Imbibition.” 

MINNESOTA SECTION. 

October meeting, Friday, October 17. 

Program: “Aristol,” by Dr. G. H. Woollett. 

At the meeting of the Minnesota Section, held October 23, the follow¬ 
ing officers were elected: Chairman, Lauder W. Jones; Vice-Chairman, 
R. A. Gortner; Secretary, Frank C. Whitmore; Treasurer, C. J. V. Petti- 
bone; Councilors, E. P. Harding and W. H. Hunter. 

Program: Dr. Louis J, Matds spoke on “Some Experiences during 
the Crisis of 1914-15 in the American Dye Industry.” 

Frank C Whxtnor*, Secretary. 

NASHVILLE SECTION. 

The 62nd meeting of the Section was held on Friday evening, Novem¬ 
ber 7. 

Program: An illustrated lecture on "Drug Standardization,” by Mr. 
O. V. R. Smith, of Parke Davis & Co., h. a. wkbb, Staunty. 

NEW YORK SECTION. 

The New York Section met at Rumford Hall on June 6. The meeting 
was preceded by a dinner at the Chemists’ Club. After a short busi¬ 
ness meeting the following papers were delivered: 

“The Future of Industrial Alcohols,” B. R. Tunison. “Ethyl Alcohol 
from Wood Waste,” F. W. Kressman. “Alcohol from Sulfite Waste 
Liquor,” Ralph H. McKee. “Use of Alcohol in the Dye Industry,” 
Leonard H. Cretcher. “Higher Alcohols," G. F. Richmond. 
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The Section met on November 7 at the Chemists’ Club. The follow¬ 
ing resolutions on the death of T. J. Parker were read and adopted by 
a rising vote: 

WHS REAS, At the regular monthly meeting of the New York Section 
of the American Chemical Society, held on November 7, 1919, the an¬ 
nouncement of the demise, on October 9, of Thomas J. Parker, our 
loyal companion and beloved friend, was received with profound sorrow; 
be it therefore 

Resolved, That in Thomas J. Parker the New York Section has lost one 
of its oldest and most valued members, whose unceasing efforts and 
services in its behalf have materially contributed to the growth and pros¬ 
perity of the Section. 

Resolved, That the Section convey its expression of sorrow and sym¬ 
pathy to the bereaved family; and further be it 

Resolved, That a copy of this resolution be spread upon the records of 
the Section, and that a copy thereof be transmitted to the family of 
Thomas J. Parker. 

The following papers, on the general subject of “Cellulose Problems” 
were delivered: 

“Cellulose: Present Day Problems,” Wallace P. Cohoe. “Cellulose 
Hydration Problems,” J. E. Minor; read by Dr. Wm. H. Gesell “Nitro¬ 
cellulose from Wood Pulp," Hamilton Bradshaw, R. G. Woodbridge, Jr. 

H. G. SiDBBOTKMf, Secretary 

PHILADELPHIA SECTION. 

Regular meeting, Thursday, October 16. 1919. 

Address, “Bubbles,” by Lieutenant-Colonel Wilder D. Bancroft, 
Chairman Division of Chemistry and Chemical Technology of the National 

Research Council. J. Howard Graham. StCTiitTy. 

PUGET SOUND SECTION. 

The October meeting of the Section was held at Bagley Hall, Uni¬ 
versity of Washington, October 29, 1919. 

Program: “The Work of the Chemist in the Condensed Milk Industry 
with Special Reference to Recent Development in Laboratory Methods,” 
by P. A. Cornelius. Ray W. Cloooh, S tertiary. Pro Irm, 

ROCHESTER SECTION. 

95th meeting, Monday, October 20. 

Dr. C. E. North, head of the Milk Survey in Rochester, presented a 
paper entitled, "The Milk Problem in Rochester and Elsewhere.” 

Met Monday evening, November 17. 

Program: ''Microstructure of Plain Carbon Steels and Some Defects 
Usually Encountered” (illustrated), by Wilbur B. Miller, of The Pfaudler 
Co. 
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The 98th meeting was held December 1, 1919, Eastman Building, 
University of Rochester. Dr. Charles L. Parsons, Secretary of the 
American Chemical Society, presented an illustrated paper entitled, 
“The Nitrogen Situation.” B. m. b«xh»o», Secretary. 

SAINT LOUIS SECTION. 

The October meeting was held Monday, October 6, 1919- The follow¬ 
ing papers were presented: “Baking Powder Chemicals,” by Mr. J. T. 
Meckstroth, of the Provident Chemical Works; “How Have the U. S. 
Chemical Manufacturers Met the Dyestuff Situation?” by Mr. F. S. 
Bacon, of Monsanto Chemical Works. 

The November meeting was held Monday, November 3, 1919. 

Program: “The Synthesis of Carbohydrates in the Plant,” by Mr. 
F. W. Muncie, of Monsanto Chemical Works. T. b b*m.. Secretary. 

SYRACUSE SECTION. 

The October meeting of the Syracuse Section was held on Friday eve¬ 
ning, October 24. 

Major R. A. Baker, Professor of Chemistry at Syracuse University, 
spoke on “The Chemical Welfare Service Training Division.” 

J M Johcik, Vu.6 President 

The Syracuse Section of the American Chemical Society has decided 
to hold two meetings per month this year. The first November meet¬ 
ing was held on Friday evening, Nov. 14. 

'Mr. G. N. Berry spoke on his oversea’s experiences. Mr. Berry visited 
the battlefields of France and industrial centers of England, observing 
particularly the labor conditions of the two countries. 

R V. Town wo. Secretary 

TOLEDO SECTION. 

The October meeting of the Toledo Section of the American Chemical 
Society was held on Monday, October 13, at 8.00 o’clock. Colonel 
Alfred H. White took for his subject, “The Fixation of Nitrogen." 

A. B. Carjcsy, Secretary K 
UNIVERSITY OP ILLINOIS SECTION. 

The 105th regular meeting was held Tuesday, November 18. Dr- 
C. W. Blake, formerly head of the Division of Inorganic Chemistry at 
the University of Illinois, now of the Fansteel Company of North Chicago, 
gave the address of the evening. 

The 104th regular meeting of the Section was held Tuesday, October 
21, 1919. 

Dr. Irving Langmuir, of the General Electric Company, gave the ad¬ 
dress of the evening on the subject, “Structure of the Atoms and its Bear¬ 
ing on Chemical Valence ” 3. A . b.al.v, s*r**ry. 



UNIVERSITY Of MICHIGAN. 

A meeting of the University of Michigan Section of the American 
Chemical Society was held on Tuesday, October 28. 

Professor A. H. White gave a lecture on the subject of “The Fixation 

of Nitrogen/' R J. Cakhhy, Secretary. 

UNIVERSITY OF MISSOURI SECTION. 

The University of Missouri Section of the American Chemical Society 
met Friday, October 24, 1919. 

Program: Dr. H. D. Hooker, Jr., on “Effects and Treatment of Gas 
Poisoning.” 

VIRGINIA SECTION. 

The first meeting of the fall was held Friday, October 17. 

Program: Dr. Edgar Graham, Professor of Chemistry at University 
of Virginia, had for his subject, “Some Phases of the Problems of Fixation 

of Nitrogen. E. C. L. Milui, Secretary 

WASHINGTON SECTION. 

Regular Meeting.—The 295 th meeting of the Society was held on 
Thursday, October 9, 1919. 

Program: E. K. Nelson, Bureau of Chemistry, “Vanillyl Acid Amides.” 
C. 0 . Johns and A. J. Finks, Bureau of Chemistry, “Growth Experi¬ 
ments with the Proteins of the Navy Bean.” I,. L. Steele and F. M. 
Washburn, Bureau of Standards, “A New Hexabromide Method for 
Linseed Oil." W. M. Clark and H. F. Zoller, Bureau of Animal Indus¬ 
try, "Manufacture of Commercial Casein.” 

Special Meeting.—The 296th meeting of the Society was held October 
23, 1919. 

Program: Charles L. Reese, Chief Chemist, du Pont Co., “Status 
and Prospects of the Dye Industry in the United States.” 

The 297th meeting was held at the Cosmos Club, November 13, 1919. 
The following program was given: 

E. T. Wherry, Bureau of Chemistry, “Crystallography in the Service 
of the Chemist,” (illustrated). E. T. Alien, Geophysical Laboratory, 
“A Few Methods for the Study of Fumaroles.” (Dr. Allen recently re¬ 
turned from the National Geographic Society's expedition to Mt. Katmai.) 

The following were elected officers for the year 1920: President, C. 0 . 
Johns; Secretary, E. C. McKelvy; Treasurer, F. P. Dewey; Councilors , 
R. B. Sosman, F. W. Smither, F. B. Power, A. Seidell, W. D. Collins. 
Executive Committee, R. C. Wells, P. B. Dunbar, M. J. Ingle, F. C. Cook, 
L. H. Adams, W. W. Skinner. 

WESTERN NEW YORK SECTION. 

The Western New York Section was addressed on October 28, by Mr. 
John E- Pennie on the subject of “Patent Laws with Special Reference 
to the Work of the Peace Commission.” R st»4cb*r. s« 



WISCONSIN SECTION. 

The October meeting of the Section was held on Wednesday, October 
23, 1919. 

Mr. W. G. Wilcox, of the Powdered Coal Engineering and Equipment 
Company, spoke on “The Essential Problems in the Successful Applica¬ 
tion of Powdered Coal.” 

The November meeting of the Section was held on Wednesday, No¬ 
vember 12, 1919. 

Dr. A. S. Loevenhart, Professor of Pharmacology and Toxicology, 
spoke on "The Biological and Medical Aspects of the Chemical Warfare 
Service.” John H. Schmid*, Secretary. 


DECEASED. 

Raley, Hiram S., Riverton, Conn. Died June 3, 1919. 

Graves, George H., New York City. Died August, 1919. 
Drew, Harry, Easton, Pa. Died July 2, 1919. 

Kreiser, Walter W., Jersey City, N. J. Died Oct. n, 1919- 
Hazelrigg, Virgil T., Oklahoma City, Died October 2, 1919. 
Lyman, E- R-, Edmunds, Wash., Died July, 1919. 
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1 Contribution from tub New York Stats Colescb of Forestry and Syracuse 

University.] 

ON THE QUINONE-PHENOLATE THEORY OF INDICATORS . 1 A 
SPECTROPHOTOMETRIC METHOD FOR MEASURING THE 
CONCENTRATIONS OF THE QUINOIDAL AND LAC- 
TOIDAL SALTS AND THE EQUILIBRIUM AND 
AFFINITY CONSTANTS OF THE PHE- 
NOLPHTHALEINS AND PHENOL- 
SULFONPHTHALEINS. 

By R. T. Birge and S. F. Acrbe. 

Received August 26, J9J8. 

The quinone-phenolate theory 2 postulates that phenolphthalein and 
phenolsulfonphthalein indicators, with both phenol groups alike, exist in 
solutions in the following equilibrium. The equations for indicators with 
unlike phenols, and with a hydrated form, HOOCCjH 4 C(OH)(C«H 4 OH)i, 
will be given in the general theoretical article now completed. 

1 This article is one of a series which we are publishing from the New York State 
College of Forestry at Syracuse University in cooperation with Dr. Haven Metcalf, 
in charge Forest Pathology, Bureau of Plant Industry, Dept, of Agriculture, on quan¬ 
titative studies of the various chemical and physical factors governing the growth of 
fungi on culture media and trees. 

5 Am. Ckem, J„ 37, 71 (1907); 38, t (1907): 39, 528 (1908); 4a, 113 (1909); This 
Jowrnai,, 38, 1772 (1916); 39> 648 (1917); 40, 109a (1918); Science, 42, 101 (1915)- 
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(C,H < COO)C(C,H < OH), — (CACOO) (C,H,OH)(C,H,0 -) + H+— 

1 colorless. HaL colorless■ HL _ K< 

Ri (C,H 4 C00)C(C,H 4 0-), + aH + 

colorless: h 

C(:C«Hi.0)(C«Il(0 _ ) +H + 

’' Kl ' I c,h 4 cooh 1 K> ’ 

C(:C*H 4 0)(C 4 H 4 0H) red HQ-' C( C,H 4 OKC.H.O") + sH+ 

I K, t | \ 

QH 4 COOH 1 i Ki r J CtHiCOO- 

jrellow: H;Q C( C 4 H 1 • O)(C t H 4 OH) red: Q 


C,H 4 C0O~ + H+ 

yellow HQ - 

* 

We have found that HQ - and Q give a strong absorption band in the 
green at about 1 /X = 1800. In other words an intense red color is trans¬ 
mitted by HQ - ' and Q , a faint yellow color is transmitted by solutions 
of HjQ and HQ - , while H,L, HI, - and h are colorless. 

From the ionization and equilibrium equations for such tautomeric 1 
compounds, 

H X HQ - _ v M H X HQ' - H X Q -- _ y , . 

“ Kx (l) HjQ- K ' (2) HQ - ~ Ki (3> 

-tip ‘ *■' « TT - K ' <s> !L SC IZ * K ‘ (6) 

m ’ R ' (7) ' 

By simple algebraic combination of two or more ofjthe.se equations, 
we may obtain the equilibrium ratio between any one (or several) of the 
above forms (ions or molecules) and any other (or several other) forms. 
Certain of the more interesting of these ratios are given below, the im¬ 
portant ratios being indicated for convenience by a new constant. 

- K,K, - KM - X ir x *■ (8) 


H X Q- _ 

Tr " h ’ 

H X L” _ 
PuF~ " Ki 


HsQ 

(H ) 2 X L— 
HsL 

(H ) 2 X Q— _ KJU 
(H 2 Q + H*L) i +Ri K 1 
H X (HQ" + HQ'~ + HL-) 
(H*Q + HjL) 


(H ) 2 X L— _ KJKJh 
(HjQ + H»L) 1 + if, 
K\ + Ki + RiK t ,, 
-T+T5- M ' 


= M\ (120) 


H X (Q— + L—) _ KJCt + RiKtKt „ # 

(HQ- + HQ'" + Hlr) " Ki' + K x + R X K S ~ il3b) 

(H) 2 X (Q— + L—) KiK t + RiKtKt „ „ 

(h;q + h 7 d-- MiMi (l2C) 

1 Am. Ckem. J., 37, 71 (1907): 38, 1 (1907); 39, 328 (1908); 42, 113 (1909); 
This Jocsnai,38,2772 (1916): 39.648(1917); 40 » *°93 (1918); Scie *<*,42, 101 (1913). 
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The three Equations 12a, 12b, 12c give the “effective” ionization con¬ 
stants 1 (Mi and Ms) obtained when one ignores the tautomerism, and 
considers simply the molecular, monovalent and divalent forms. Thus 
Mi corresponds to KJKi or K„, while Ms corresponds to K 2 ' or K t . 
Similarly MjMj corresponds to KJCt = KfKi' or to 
Equations 8 to 12c all involve a ratio between different steps of ioniza¬ 
tion, and so (H) or (H ) 2 occurs in each equation. The following equa¬ 
tions give some of the more interesting ratios - where only one step of 
ionization is involved: 


L R1K1K 4 D 
= -Kj£ ~ R 3 


L— 

Q- + L- 


R» 

+ I 


(14a) 


Rz _ K*K t 
r Rz KxK t 

Q" . 1 

L + Q“ R,+ 1 


(13) 

(146) 


HL- 

HQ~ 


R1K1 „ 

~k 7 = R ’ 


or 


Rt/Rx = Kt/K 1 


05 ) 


= M? = R/ or Rs'/R* = K1/K1 (16) 

HQ'-/HQ- = AY/A\ (17) 

HQ'-/Q— = HKi'/KiK,. (18) 

The general method of measuring the absorption at different frequencies in 
the visible and ultraviolet regions, and at successive stages of neutralization 
to learn the amounts of the several salts present, was proposed in lectures 
and articles at various times from 1908 to the present. The plan was 
suggested for use with colored indicators and also with such tautomeric 
compounds as the colorless urazoles whose absorption spectra would be 
studied in the ultraviolet . 2 Schaeffer, Paulus, Hutchinson and Jones* 
measured the absorption at different frequencies by means of an im¬ 
proved suspended thermocouple method developed by Professor A. H. 
Pfund and Dr. J. S. Guy. Their studies substantiated the applicability 
of the theory in the best work yet published on rosolic acid, phenol- 
phthalein and methyl orange. Pfund, Uhler, Anderson, Jones and Wood 4 
had also used the photographic methods in the risible and ultraviolet 
in other studies, and Uhler and Wood photographed the spectra of a 
number of dyes. Hildebrandt* had used a spectrophotometer with 
phenolphthalein but made measurements at just one frequency in the 
red. Dr. H. A. Lubs prepared urazole esters and salts in 1914 for the 

1 The method of derivation of 12a, 12S, 12c and other similar complex equations 
will be discussed in the long theoretical article now ready for publication. 

* See Am. Chem. J., 42, 123 (1909) and all of our more recent articles. 

* This Journal, 37, 776, 1694 (1915). 

4 Carnegie Publications. 

* Z. Elektrockem., 14 , 331 ( 1908 ). 
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investigations as a part of his dissertation but’Sid not have time to under¬ 
take the spectrophotometric measurements. These studies in the urazole 
series will now be continued. 

In the quantitative use of indicators for measuring the acidity of solu¬ 
tions, as in studying reaction velocities or the growth of fungi on culture 
media, it becomes imperative to know the magnitude of the above con¬ 
stants and to vary them at will by introducing substituent groups which 
will make the indicators extremely sensitive and useful over a wide range 
of hydrogen ion concentration. In this article, therefore, we shall discuss 
especially the equilibrium and affinity constants and their relation to the 
intensity of the colors of various indicators at different hydrogen ion 
concentrations. 

It is obvious that these constants and ratios can vary widely with 
different substituent groups and we therefore have a means of preparing 
different series of indicators that will (a) give varying intensities for 
definite equivalents of alkali and, (b) give their color changes at the 
different hydrogen ion concentrations or Ph values Up to this time it 
has not been possible for us to calculate with any certainty the relative 
concentrations of the colorless iactoidal, yellow quinoidal, and deeply 
colored quinone-phenolate salts in the acid or alkaline solutions of the 
phenolphthalein series We did know from White's synthetic, con 
ductivity and spectroscopic work 1 and hubs'* P u values that the phenol 
sulfonphthaleins exist practically only as quinone-phenolates in alkaline 
solutions and consequently give brilliant color changes. But our own, 
and Guy's unpublished (finished 1916I spectrophotometric measure¬ 
ments and those of Howe and Gibson’ now give us sufficient insight into 
the phenomena involved to enable us to begin to measure or calculate 
(a) the concentrations of the Iactoidal (H Z L) and of the quinoidal (H 2 Q) 
free indicator, ( b) the colorless Iactoidal mono- (HI, - ) and dibasic (L,—) 
salts, ( c) the yellow quinoidal mono-basic salt (HQ - ), [d) the deeply colored 
mono-basic quinone-phenolate salt (HQ'~), and (e) the deeply colored 
dibasic quinone-phenolate salt (Q ) of all indicators of this general type. 

This is such a very important advance in the history of the study of the 
indicators that the results will now be outlined, together with some plans 
for future work on these tautomeric compounds. 

Discussion of the Phenolsulfonphtl.a!ein Series. 

In order to aid the reader in following the disciHsn .. it may be well to 
summarize the meaning and probable values of tlr> various constants 
defined by Equations 1 to 7. 

1 White and Acree, New Orleans Address, Science, 42, 101 (191 ■)) Tins Tournac, 
39, 648 (1917); 40 , 1092 (1918) 

* Lubs and Aeree, Ibid, 38, 2772 (1916), Lab' and Clarke, /. Wash Acad Sci. 
5, 609 (1916); 6 , 483 (1917). J- Bad , 2, i, 109, 137 (1917) 

* Phys. Rev., 10, 767, 779 (1918) 
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(a) Rt gives the equilibrium between the lactoidal and quinoidal 
forms. Our work seems to indicate a value of about 1000 for phenol- 
phthalein and of about unity for phenolsulfonphthalein. 

(b) Ki and Ki' refer to the ionization constants of the sulfonic acid 
residue in phenolsulfonphthalein, or to the pbthalic acid residue in 
phenolphthalein. They are very large, about 10 -1 , for phenolsulfon- 
phthakin, and about io~ 6 or io -4 for phenolphthalein. 

(c) K\ and K 1 refer to a primary phenol ionization. They are both 
very small, and probably of about the same order of magnitude, say 
io -8 to io~ 10 , for phenols with no negative or positive substituent groups. 
The introduction of positive or negative groups into the phenol radical 
decreases or increases AY and AY 

(d) K, and K, refer to a secondary phenol ionization. They are 
therefore still smaller than AY and AY 

Equation 13 shows that in a series of indicators having the same ab¬ 
sorption index for unit equivalent of quinone-phenolate ions, those indica¬ 
tors having the largest values of k\Ki and smallest values of RiKsK* 
should give the largest value Q /L—, and the greatest absorption in the 
green and consequently the most intense transmitted red color. For that 
reason we chose the sulfonphthalein series with a large value for K 1, about 
io -1 , for the sulfonic acid group, with a small value for Ru about 10 or 
less, and with A' 2 , A'j and K, variable at will, as being one of the most 
promising groups of indicators for practical use as well as for the study 
of the general theory. The small ratio R\ enables us to study the prop¬ 
erties of the actual yellow quinoidal form, H 2 Q (which is not present in 
appreciable quantities in the phenolphthalein series), and of the mono¬ 
basic yellow salts corresponding, KHQ, which have been made and de¬ 
scribed by White 1 (and which have not been isolated in the phenol¬ 
phthalein series but which we shall measure spectrophotometrically in the 
alkaline solutions). The value of K 1 is so large in comparison with 
RiKi, Ki and A'« in the phenolsulfonphthalein that well over 90% 
of the indicator is titrated as a yellow quinoidal monobasic acid before the 
“turning point” or intense color change appears. To illustrate, to state 
that A'i is large in comparison with RiK, means from Equation 15 that 
little of the monovalent ions are lactoidal and colorless (HL“). When 
K t is small in comparison with A’i, and RiK> is likewise small. Equation 
13 shows that little of the divalent ions are lactoidal and colorless (L—). 
When Kt/Ki is small, and AiA'j and Ki are also small, Equations 1 and 


3 give by division K1/K1 


(HsQ) X (Q—) 
(HQ-) 8 


, which shows that no appre¬ 


ciable quantity of (Q—), the red salt, can be formed while there is ap¬ 


preciably any unchanged indicator (HjQ) remaining in solution with the 


1 Reference to article now in editor's hands. 
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afiSmty constant of phenol is app oximately 10 -10 at *5°, whereas that of 
f-chlorophenol is 7 7 X io -10 , that of o-nitrophenol is 700 X io -10 , that 
of 2,4,6-triehlorophenol is 260 X ro -10 , and that of 2,6-dimtrophenol is 
2,700,000 X 10 ~ 10 It is dear then that the introduction of these nega¬ 
tive groups into the phenolic radicals of the sulfonphthalem senes will very 
greatly increase Kt Kt and Kt are both secondary ionization constants 
ansing from the phenol groups and their values will also be greatly in¬ 
creased As they will both be enlarged in a similar manner and as the 
data on the secondary ionization constants of dibasic acids show that the 
ratio Kt/K t will not vary to any extent comparable with the change m K 3t 
it is clear that the per cent of lactoidal salt or L /(Q + T~) will be 

increased manifold by the introduction of the negative groups and is chiefly 
governed by K%(K\, R\ apparently changing very little in companson 
If, however, in phenolsulfonphthalem RiKtKi/KiKt were of the order 
io~ 10 /io _l = io -8 it is clear that this value could be mcreased a million 
fold, or io* fold, and there would still be only io~ s or o io c r of the lactoidal 
salt and hence 99.9% of the quinone-phenolate salt m the alkaline solution 
While Ki/Ki is increasing hf is becoming larger in the desired degree 
illustrated in the following examples, 1 the P H range of course decreasing 
Phenolsulfonphthalem has a useful indicator range corresponding to P H 
values of 6 50 to 8 50, and a Ki of about 20 X 10 _s The introduction 
of isopropyl groups in the thymolsulfonphthalem raises this P H range to 
80-95. The introduction of two bromines into the thvmolsuJfon 
phthalem lowers the P H range to 6 0-7 6 Two bromines and two 
methyls in the ortho positions in dibromo-o-cresolsulfonphthalein lower 
the P H range to 5.2-6 8, whereas 4 bromines in tetrabromophenolsulfon 
phthalem lower the P H range to 2 8-4 6 The 4 mtro groups in tetra 
nitro-phenolsulfonphthalein lower the P H range to < 2 o The introduc¬ 
tion of a mtro group into the benzenesulfonic radical of phenolsulfon- 
phthalem and thymolsulfonphthalem increases K\ but does not appreciably 
change Kj for the phenolic group and hence the P H ranges 6 8-8 4 and 
8.0-9.5, respectively, remain unchanged These different indicators 
give color changes, then, at P H ranges varying from about 10 to <2, the 
Ki values increasing simultaneously, and in all cases the color changes are 
brilliant because practically all of the indicator is in the deeply colored 
quinone-phenolate form and very little is in the colorless lactoidal form 
These satisfactory results were predicted from the theory just as the 
low color intensities of the corresponding halogenated phenolphthaleins 
observed by Howe and Gibson were forecast 
One other point is predicted and will be studied. The introduction 
of negative groups into the phenol groups will increase very greatly (and 
‘hubs and Acree, This Journal, 38, 2772 (1916), Lub9 and Clark, J Bad, 
h ” 4 - 
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by about the same factor) the primary phenol ionization constants AY 
and K :i and the secondary phenol constants I < 2 and K, without ap¬ 
preciably altering AY It therefore follows that the color intensity 

(given by -—- = ---) will be lowered, since AY K* 

h + Q— RtKJC* + KiKj 

and Ka in the denominator increase, while only Kj in the numerator in¬ 
creases But at the same time a greater portion of the intense color will 
come from HQ'~. For the ratio of HQ'~ to all quinoidal form is given by 

___—_- (21) 

H 2 Q + HQ- + HQ-' + Q- H + A', + AY + AVG/H 

In this expression, the numerator increases directly, under the above 
condition, while the denominator (of which Ki is the largest term, except 
for very small H) increases less rapidly than in a direct ratio For suffi¬ 
ciently small H, practically all the intense red color must of course come 
from Q - , regardless of the probable values of the various constants, but 
for all intermediate values of H the HQ - ' will thus play a more and more 
important role, as negative groups are introduced into the phenol group 
Also, HQ"' decreases as the first power of the hydrogen ion concentration 
increases, while Q~ ~ changes with the second power of the hydrogen ion 
concentration Ve thus have a ready means of determining the relative 
concentrations of HQ"' and Q 

This same theory shows why the introduction of negative chloro, 
bromo, etc , atoms into the phenolic groups of phenolphthalein and of 
phenoltetrachlorophthalem still further and very greatly lowers the color 
intensity of these indicators in alkaline solution The proof of the theory 
has now been developed by an interpretation of the fine work of Howe 
and Gibson on the phenolphthalein series, which will now be discussed 
Discussion of the Phenolphthalein Series. 

Howe and Gibson 1 have observed, in an excellent study by a combina¬ 
tion of visual and photographic methods, the complete absorption curves 
in neutral and alkaline solutions of seven substances of the phenolphtha¬ 
lein series of indicators and of phenolsulfonphthalein, all of the chemicals 
having been prepared by Professor W. R. Orndorff and Dr. S A Mahood. 
The absorption curves were determined from about 2000 A. in the ultra¬ 
violet to 6500 A. in the red The curves show that all of these substances 
in the free state possess the expected lactoidal phenolic absorption bands 
in the ultraviolet, even if they have none in the visible spectrum. In 
this article however we are concerned with these substances chiefly in 
relation to their use as indicators We shall therefore discuss fully only 
the green band centering at about i/X = 1800 and arising from the 
quinone-phenolate group. This band grows up in alkaline solution with 
1 Loc rtt 
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increasing quantities of added base and its presence and magnitude is 
practically the sole determining factor. The band i/X = 2700 in the 
ultraviolet arising from the quinone-phenolate group will change along 
with the green band. Both of these bands are present, either more or 
less sharply or merged together, in the alkaline solutions of aurine, rosolic 
add, tetrabromorosolic add, fluorescein and its derivatives, phenolsulfon- 
phthalein and its derivatives, alizarine, and a large number of other 
compounds whose color changes have been shown 1 by spectrophotometric 
methods to arise from the quinone-phenolate group. If both of these 
bands come solely from the quinone-phenolate group we should expect 
them to be formed in constant ratio from any given indicator as more 
and more alkali is added, and we might even expect different indicators 
of the same gen era! type to give comparable ratios from these two bands. 
Of course, we should expect the position and ratio of these bands to vary 
to some extent with different substituent groups, as Howe and Gibson 
discussed. Furthermore there is a general absorption in the ultraviolet 
which masks the bands and makes any conclusions valuable only as first 
approximations. That there is a general constancy for this ratio is shown 
in the following Table I which was calculated from the data of Howe 
and Gibson by Professor C. L. Brightman who is now cooperating with 
us in this work. Both of these bands should be measured and com¬ 
pared accurately for a large number of these indicators to test the theory, 
but in all practical use of the indicators the large green band is the one 
most easily studied by spectrophotometric methods. 

We have also hoped that the phenolate ions of the colorless lactoidal 
salts will show characteristic bands in the ultraviolet whose magnitude 
and position will enable us to measure the concentration of such ions. 
It seems to us that the data of Howe and Gibson do not permit us to 
draw definite conclusions as to whether the ultraviolet band at about 
i/X = 3200 is connected with the phenolate ions (as against carboxylate 
or sulfonate salts). If such proves to be the ease and accurate measure¬ 
ments can be made we shall then be able to study carefully the con¬ 
centrations of the free lactoidal form, the lactoidal phenolate ions, the 
quinoidal form and its salts, and the quinone-phenolate ions, and hence 
we will be able to measure the tautomeric equilibrium and affinity con¬ 
stants of all these substances. Howe and Gibson make no attempt to 
interpret their data in this respect. As a matter of fact, it is impossible 
to interpret the data without the use of certain general equations which 
we have developed fully. 

The 7 phenolphthaleins used by Howe and Gibson are: Phenol- 
phthalein, tetrachloro-phenolphthalein, tetrabromo-phenolphthalein, tetra- 
1 See the first article by White and Acree, This Journal, 40, 1092 (1918), and 
work appearing later by Professors Guy and Brightman in cooperation with us. 
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iodo-phenolphthalein, phenoltetrachloro-phthalein, tetrabromo-phenol- 
tetrachloro-phthalein, tetraiodo-phenoltetrachloro-phthalein. These sub¬ 
stances are but slightly soluble in aqueous, non-alkaline, solution. They 
therefore used them in alcoholic solution with no alkali, and then with 
2, 4, and 10 molecules of alkali They also obtained curves in aqueous 
solution with 4 to 10 mols of added alkali. They give no curves for the 
free add in aqueous solution, doubtless because of the small solubility. 

Table I 

Aqueous solution Alcoholic solution 
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In the case of the phenolsulfonphthalein series of indicators, which 
the present authors are studying in detail, it is possible to obtain aqueous, 
non-alkaline solutions, and to observe accurately the gradual change in 
absorption spectrum as alkali, add, or salt, is added Howe and Gibson 
studied phenolsulfonphthalein by the titration method dev doped by White 
and Lubs 1 in cooperation with us for the entire sulfonphthalein series, and 
observed the absorption curves for o, 1, 1.5, and 2 mols of added alkali. 
Thdr results check roughly with those of White (1915), Guy (1916), and 
the present authors (1917-18), which were obtained and interpreted before 

* In these cases the band was too weak to give a good value of the index on the 
curve 

* This calculation was made 011 the assumption that the D cur\ e in the ultraviolet 
and the O curve in the visible regions are for the same solution 

* Calculated from the total heights of the bands 

* Calculated from the increased heights of the bands 

* The reading in Fig 6, p 772, corresponds to about 5 85, whereas Howe and 
Gibson give j 95 in Fig 8 This and other similar discrepancies are too small to war¬ 
rant discussion 

1 Loc cit 
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the article by Howe and Gibson appeared, and which will be discussed in 
full in another article. We will here consider only the interpretation 
of the results for the 7 phenolphthalein compounds mentioned above. 

All of these indicators are dibasic, tautomeric acids, and their behavior 
depends on the relative magnitudes of the various affinity constants of the 
add radicals and upon the equilibrium constants. In the preceding sec¬ 
tion on sulfonphthaleins we conduded that addingchloro, bromo, nitro, etc., 
to the phthalic add residue strengthens this group but does not ap¬ 
preciably affect the strength of the add phenolic group, the phenolsulfon- 
phthalein and phenolnitro-sulfonphthalein having the same P H range 6.8 - 
8.4 and thymolsulfonphthalein and thymolnitro-sulfonphthalein having 
about the same P H range, namely, about 8.0 to 9.5. Btit adding bromo and 
iodo groups to the phenol residue raises the phenolic affinity constant 
without appreciably disturbing the K\. When at the same time chloro 
groups are added to the phthalic acid residue, and chloro, bromo or iodo 
groups to the phenol residue, the same general relations can be roughly 
predicted. * 

Now according to the quinone-phenolate theory, the intensity of this 
green band, which is present in all of these compounds, is a measure of 
the amount of quinone-phenolate ion present. In very dilute solutions 
the quinone-phenolate salt can be considered as practically completely 
ionized, especially if the molecular salt is also assumed to have the same 
color. This red ion is formed from the yellow quinoid, HsQ, as has been 
shown in the preceding articles, and can exist in the two forms HQ'~ 
(quinoidal-phenolate primary ion) and Q~~ (quinoidal phenolate secondary 
ion). We can assume as a first approximation that if all of the indicator 
were in the form Q—, for high alkalinity, the intensity of the green band 
(at its center point) would be nearly the same for all substances of the 
phenolphthalein and phenolsulfonphthalein series of indicators. This 
assumption is based on experimental facts which will be developed in the 
following. 

Let us, as before, assume equilibrium between the molecular lactoidal 
and quinoidal form (H S L)/(H 2 Q) = Rj. 

Then, as shown, the equilibrium between the dibasic ions is given by 
L /Q- - = R* = R.KxKJKiK* (13). 

For high acidity the ratio of all lactoidal to all quinoidal forms is given 
by Ru for high alkalinity by R>. This has been shown in Equations 
7 and 13. The phenolphthalein, as a free acid, is colorless and is there¬ 
fore considered to exist almost entirely in the colorless lactoidal form. 
Certainly the absorption is hardly more than the experimental errors in¬ 
volved in the measurements, namely at least 0.1 or 0.2%. Therefore 
Ri is large. Furthermore, an analysis of the work of Rosenstein, together 
with that of Howe and Gibson, indicates that R : is 10 3 or greater, also 



QUINONE-PHENOLATE THEORY OF INDICATORS. 


1043 


that Ki is of the order to -6 and K% is about io - *. K% and Ki must be 
of the same order and R, = L—/Q = RxKtKt/K\Kt can easily become 
i?i = 1, as shown below by the experimental data. If R* = RiKiKJ- 
KiKi — 1 it follows that the introduction of halogens into the phenol 
groups will increase KtK t /Ki very greatly, say from 10 to io ! fold, without 
changing K\ materially. If we assume 1 for the moment that Ri remains 
constant it follows that L /Q— must increase 10 to io* fold and that 
the per cent, of quinone-phenolate salt must decrease to a value of from 
10 down to 1%. In other words, the indicator will be practically lactoidal 
and faintly colored in alkaline solution. That this theory is correct is 
9hown in Table II where it is seen that not over 2% of the tetrachloro-, 
bromo-, or iodophenolphthalein forms the quinone-phenolate salt in alka¬ 
line solution. If on the other hand, Ki is made larger by the 4 chlorines 
in phenoltetrachloro-phthalein and Ri becomes 1/10 as large as for phenol- 
phthalein, then 90% or more of the phenoltetrachloro-phthalein would be 
in the quinone-phenolate form in alkaline solution. This is shown in 
Table II below. The introduction of halogens into the phenol groups 
of phenoltetrachloro-phthalein would then raise the value of R,, as above, 
and decrease the per cent, of quinone-phenolate salt to the 17 and 40% 
given for tetrabromo-phenoltetrachloro-phthalein and the tetraiodo 
compound in Table II. The halogen derivatives of phenoltetrachloro- 
phthalein have therefore a greater specific color intensity than the corre¬ 
sponding ones of phenolphthalein but a smaller specific color intensity 
than the corresponding phenolsulfonphthalein derivatives. We thus have 
three classes of indicators giving a wide range of per cent, of quinone- 
phenolate salt in the alkaline solution, the determining factors most ap¬ 
parent being the different values for R\ and the increasing value of K t 
for the phthalic acid, tetrachloro-phthalic acid, and phenolsulfonic add 
residues. These classes will give interesting measurements. 

For phenoltetrachloro-phthalein, we have the strongest phthalic add 
group, and the relatively weakest phenol group. Therefore Ki is much 
greater than the K 1 for the phenolphthalein and therefore proportionately 
greater than the K a of the phenoltetrachloro-phthalein and unless R x 
is very large, the substance will exist almost entirely in the quinoidal 
form, for high alkalinity. In aqueous solution and at high alkalinity the 
intensity of the green band for this substance, in the units used by Howe 
and Gibson, is 5.95. They found the intensity of the same band for 
phenolsulfonphthalein, which is known from our previous work to be 
practically entirely in the quinoidal form at high alkalinity, to be 4.50 
with 2 mols alkali in water, and 3.2 with 10 mols alkali in alcohol. Howe 
and Gibson did not reach the true “end-point” 1 with phenolsulfon- 

1 See the discussion of ft and ft on page 1047. 

* By the "end-point" we mean obviously the stage of neutralization of the indi. 
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phthalein as it is necessary to add more than 2 mols alkali to do this with 
0.0001 N aqueous solutions. The work of the present authors also 
shows that when all the substance is evidently in the quinoidal form, at 
high alkalini ty, the intensity of the green band is approximately the 
same for various different indicators of the phenolsulfonphthalein series. 
We can at first therefore take 5.95 as an approximate measure of the in¬ 
tensity of this band when we have 0,000,1 N concentration of quinone- 
phenolate ions in a one cm. cell, the unit used by Howe and Gibson. 

Then since for phenol phthalein the intensity in water is only 2.62, it indi¬ 
cates that only about'/; this indicator salt is in the quinoidal form, even for 
very high alkalinity. This is contrary to the conclusion 1 of past investiga¬ 
tors, but the very accurate data of Howe and Gibson and our own measure¬ 
ments allow of no other interpretation, so far as we can see. R3 is there¬ 
fore approximately unity, and it is difficult to see how it could be greater 
than two or less than 0.5. This fact, combined with Rosenstein’s data 
(to be later discussed) yields the approximate values of the primary 
ionization constants given above. 

All of the other substances used by Howe and Gibson can be similarly 
studied and interpreted. For tetrabromo-phenolphthalein the phenol 
affinity constant (K 3 ) is probably fully as large if not larger than A', and 
therefore if 1 % is in the quinoidal form at the start (high acidity) only 
1% or less will be in that form at the end (high alkalinity). The in¬ 
tensity of the band is 0.033 and so about 0.5°^ is in the quinoidal form 
at the end. 

We have calculated Howe and Gibson’s results in the following way: 
First, we have assumed a value 5.95 for the index of any indicator existing 
in any solvent entirely as the quinone-phenolate form. We have then 
used Howe and Gibson’s data to calculate the per cent, of each indicator 
actually present in the quinone-phenolate form, Q—, when varying quanti¬ 
ties of alkali are added, the difference between unity and the per cent, of 
quinone-phenolate giving the per cent, of lactoidal dibasic colorless ion L—. 
The ration Ri = L /Q~ ~ is then readily calculated and is given for both 
alcohol and water in Table II, which was computed by Professor Bright. 

cator at which the quinone phenol -C(.C« 11 < 0 )(C«H« 0 H) (and its tautomer, if 
any) is fully converted into the corresponding quinone-phenolate ion (and its tautomer, 
if any). In measuring this "end-point" spectrophotomctricaliy within any given 
experimental error a correction must be made for any unchanged quinone phenol 
(and tautomer, if any) and for any substance (such as the colorless hydrated salt) 
which is formed from the quinone-phenolate (or tautomer, if any) and whose concentra¬ 
tion depends upon the concentration of the hydrogen (hydroxyl) ions or upon a “salt 
effect.” See also Brightman, Hopfield, Meacham and Acree, This Journal, 40, 
1940 (1918). 

1 For example, see an excellent discussion by A. A. Noyes, This Journal, 31, 
8t6, 817 (1910). 
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man. As discussed below, Q— is too small, and L is too large because 
it really involves the unchanged indicator, the colorless and yellow mono¬ 
basic salts and any hydrated or alcoholated colorless salt. Consequently 
R 3 will probably be lowered in all cases when the true “end-point” lor each 
substance is measured. The results for the aqueous solutions are probably 
much nearer the “end-point” than those for the alcoholic solutions. 

It seems that the following preliminary conclusions can be drawn from 
the tables: First, as indicated in Table I, the addition of increasing 
quantities of alkali, up to 20 mols in some cases, increases the quinone- 
phenolate concentration and hence the absorption index, until the “end- 
point” is reached, at which all of the indicator is converted into the dibasic 
lactoidal and quinone-phenolate salts. Howe and Gibson followed the 
“titration method” of White' and found the greatest change in phenol- 
sulfonphthalein between one and two mols of alkali in aqueous solution, 
which accords with the prior work of White and Guy and ourselves and 
with the theory This gradual increase m absorption index with in¬ 
crease in alkali up to and beyond the “turning point” has been investi¬ 
gated very extensively with a number of sulfonplithalein indicators by 

Table II —Per cent of Various Indicators is Qlinonr-phenolate Form in 
Alkaline Aqueous ami Alcoholic Solutions 
I’henoltctrachloro-phthalun Taken as ioo' , (jmuoidal in Aqueous Solution with an 
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Professor J. S. Guy in 1916 in cooperation with our own work and hag 
been used in calculating the affinity constants. Secondly, as far as we 
can judge until the indexes for the true "end-points" are measured, all 
of these tables and figures show clearly the following: the larger the ratio 
of K b the ionization constant for the carboxyl or sulfonic acid group, to 
K a , the ionization constant of the first phenol of the lactoid form, the 
larger the absorption index and per cent, of quinone phenolate in the 
alkaline solution. The larger the values of KjK t are made, in com¬ 
parison with KyKt, by the introduction of negative groups into the phenolic 
residues (Ri remaining constant), the larger the per cent, of lactoidal 
colorless salt in the alkaline solutions and the smaller the absorption 
index. It is hoped that in time methods for the direct measurement 
of the concentration of the lactoidal colorless salts will be developed and 
that more will be learned about Ri. 

We see that Howe and Gibson's results for aqueous and alcoholic 
solutions are similar, but the Ra (ale.) is in all cases larger than Ra (aq.), 
and as the last column shows, the ratio R s (a!e.)/A’ 3 (aq.) is not constant. 
But this result is not unexpected for the formation of the aleoholate and 
especially alcoholysis tend to prevent the "end-point” being reached 
unless a larger number of moles of alkali are added. But, as the data of 
Howe and Gibson show, 10 mols of alkali were added for the first indica¬ 
tors, but only 4 moles of alkali for the last 3 indicators. The concentra¬ 
tions used are also different for different indicators, and our results have 
shown that the number of moles of alkali necessary to reach the true 
"end-point” depends radically upon the concentration. Their curves 
show clearly that 4 and even 20 mols of alkali have not produced the full 
color change in alcohol and the ratios given for the last two indicators 
may be proportionately too large. With complete data it will be very 
important to study these ratios and the equilibrium and affinity constants 
in water, alcohol, acetone, etc., as we have proposed in an earlier article 1 
to do. By determining the ion product K alc = H X OC*H* for pure ethyl 
alcohol and using sodium, potassium and lithium ethylates it will be 
possible to measure the alcoholysis and affinity constants of a large number 
of weak acids (phenols, ketones, amines, etc.), many of which are in¬ 
soluble in water. 

Besides the changes of intensity of the green band, there is also the 
usual shift in position, due to loading down the molecule. Howe and 
Gibson discussed this shift and show that it increases with the atomic 
weight of the added group. 

An examination of Equations 13 and 7 shows that we are now in a 
position to begin to calculate the values of R u and KiKJK\K t ap- 
1 Am Chent. J., 39, 342 (1908), and later articles. 
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proximately from the experimental data on some of these constants In¬ 
stead of having to rely on the obviously weak assumption used above that 
Rx does not change in some cases. The equations become HjL/H*Q *> 
Ri ■= RtKiK-i/KxKx or H?Q = H 2 I,AjA 4 / R,K t K«. For colorless indicators 
of the phenolphthalein type, H 2 Q is too small to be measured directly 
today. But H 2 L is practically the concentration of the free indicator, 
Rs can now be approximately measured by the methods outlined in this 
paper; by measuring AjAj/AaAi we can calculate H 2 Q and hence R\. 
In the sulfonphthalein series we shall probably be able to measure Ri and 
Ri, or one of its components, directly and hence secure better experi¬ 
mental data on all these constants. 

More light on the values of R t and R 3 is greatly needed. For example, 
the introduction of 4 bromines into the phenol groups of the phenol- 
sulfonphthalein does not materially change the per cent, of Q -_ in alkaline 
solutions, and the useful P H range corresponding to Ki is therefore lowered 
greatly , 1 from 6.5-8.5 to 2.8-4.6. But the introduction of 4 bromines into 
phenolphthalein lowers the midpoint of the P H range from about 9 to only 
about 8, or only ■/« the change for phenolsulfonphthalein. This apparent 
discrepancy becomes clear from the equation for expressing the change 
of color with change in (a) concentration of the hydrogen ions and in ( b ) 
the equilibrium and ionization constants, which will be developed fully 
in a later article. The equation shows clearly that the hydrogen ion 

(H[H(A','Pj - KfRx - A,)/(/?, + i)][« 7 (i ~ «')] - 

(A,A, + A/H)(R» + 1 )/(R, + 1) (22) 
concentration necessary to produce 50 f r 2 of the specific absorption index 
(or specific color intensity) depends not only on K u and on AY, Aj, and 
A 3 , which are ionization constants for phenols increased in strength by 
the bromines, but also on (Pj + i)/(Ai + 1). Considering the right side 
of the equation, we see that the Ph range can be lowered greatly by intro¬ 
ducing the 4 bromines (as in tetrabromo-pheuolsulfonphthalein) provided 
the increases in Aj' and K 2 are not offset by a decrease in (P 3 + 1)/ (R t + 1), 
or can be lowered slightly (as in tetrabromo-phenolphthalein) or even 
increased, provided a decrease in (Rj + i)/(Ri + 1) more than offsets 
increases in Ap Aj and K s . We have seen from Table II that (A, -f- j) = 
about (1.25 -f- 1.0) = 2.25 for phenolphthalein becomes (R 3 + 1) =* 
about (180 + 1) = tSi for tetrabromo-phenolphthalein. This increase 

1 bubs, White and Acrce, This Journal, 38, 2779 (1916), 39, 649, 651 (1917); 
Lubs and Clark, Loc. cit 

1 50% neutralization of the indicator by a base does not necessarily correspond 
to 50% of the specific absorption index. Thus 50% neutralization of phenolsuMon- 
phthalein gives the yellow monobasic salt and only a few per cent of the dibasic quinone- 
phenolate salt, and it requires around 75' ,' of neutralization to give 50% of the 
specific absorption index. 
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of 8o-fold multiplied by 3,000,* the increase in the ionization constant K\ 
for the phenolic group by the introduction of the 4 bromines, gives a 
change of say 240,000-fold 2 in the numerator and the (R\ + 1) must 
therefore increase 24,000-fold to balance the change of the hydrogen ion 
concentration from io - ' for phenolphthalein to io -8 for tetrabromo- 
phenolphthalein. The left side of the equation must be treated in the 
same way, and this example serves to illustrate the underlying ideas which 
will be applied later in detail. Since (i?i + 1) is already large for phenol¬ 
phthalein, say 1000 or larger, an increase of 24,000 fold means simply 
that free tetrabromo-phenolphthalein has practically no quinoidal com¬ 
ponent in the aqueous or alcoholic solution. 

Our own absorption spectra, and those of Howe and Gibson, for phenol- 
sulfonphthalein give further very important evidence on the question 
whether the quinone group remains free or combines 3 with the plienolate 
ion or salt to form intensely colored double compounds very much like 
those which Jackson 4 made by the union of qtiinones with phenol salts. 
The free sulfonphthaleins with nonionized phenols give an absorption 
band in the violet centering at about 2300 and another in the ultra¬ 
violet at 3770. The specific absorption index for the violet band {ap¬ 
parently about two for phenolsulfonphthalein] will be used in this entire 
series for measuring the per cent, of free quinoidal acid, HjQ. This 
violet band practically disappears in alkaline solution and new bands are 
formed at about 1800, 2800 and 3500. It therefore seems certain that 
the quinone group, or quinonephenol group, — C( :Cr,H* : 0 ) (Cr,H ( 011), 
disappears and is changed into the quinone-phenolate group, 

—C(:CeH«: 0 )(C,H.iOK), as described in the earlier articles. This phase 
1 1-— u 


of the theory needs and will receive very close attention. 

In the above calculations it was assumed that the colorless salts are 
lactoidal, and not hydrated (alcoholated in alcohol) tribasic salts 
KOOCCeH4C(OH)(C«HiOK) s . The fine work of Kober and Marshall 5 
on the fading of phenolphthalein shows that an excess of alkali causes 

* This is the increase in Ki observed by introducing the 4 bromines into phenol¬ 
sulfonphthalein and is used here for illustration. It will be very important to sec how 
ICi and the other constants are changed by the introduction of the same substituent 
groups, in the eurine, phenolphthalein, phenolsulfonphthalein and similar series. 

* This factor omits BT'iH as small in comparison with A1A1 in the numerator. 

* Am. Chem. /., 39, 534 (1908); 42, 122 (1909). White and Acree, This Journal, 
39, 650 (1917); 40, 1092 (1918), and forthcoming dissertation. Lubs and Acree, Ibid., 
38 , 2773 . 2783 (1916). 

4 Am. Chem. J., 18, 1 (1896); 34, 441 (1903). Wichelhaus, Ber., 5, 849 (1873); 
Posner, Ann., 336, 85 (1904). 

•This Journal, 33, 59 (1911)- See also Slagle and Acree, Am. Chem. J., 39, 
533,542 (1508)142, iz6, 137-9 (1909). 
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quick fading of the color and that the final intensity varies inversely 
as the concentration of the free alkali. Since Howe and Gibson doubtless 
used the most refined spectrophotometric technique they would certainly 
have discovered any fading and we have assumed therefore that no fading 
and formation of hydrated salts took place. If in any case (e. g., of low 
color intensity) there is doubt as to whether sufficient alkali has been 
added to reach the “end-point” or whether some of the colorless hydrated 
salt is already present the point can be checked by adding more alkali 
(ethylate in alcohol) to see whether the color increases or decreases ac¬ 
cording to theory. This check and the study of fading should be applied 
most carefully in all cases for short- and long-time periods to correct for 
the true “end-point” and has been given the closest scrutiny in our own 
work. 1 

It will be recalled 2 that phenolphthalein ethers, (C«Il|C00)C(C fl H4OR)- 
(C»H 4 OH), f-oxydiphenyl-phthalid, (C e H4COO)C(C s H 6 )(C fl H 4 OH), and 
similar substances dissolve in alkalies as faintly colored or colorless solu¬ 
tions. Green 3 believed that the hydrated salt KOOCC«H4C(OH)- 
(Cel^OKHCsHiOR) is formed in such cases and one of us has pointed 
out the evidence 4 on the question whether there may not be a lactoidal 
salt formed. These are very important cases for the general theory and 
it is proposed to study the affinity constants of the indicators forming such 
faintly colored solutions by (a) adding the proper indicators to such 
(nearly) colorless solutions and seeing spectrophotometrically how much 
indicator salt and colorless salt are formed and hence telling whether the 
affinity constant of the colorless substance in solution corresponds to the 
weak phenolic group of the lactoidal form or to a much stronger (io*- to 
lo'-fold) carboxyl group of a hydrated form, and by (6) using partition 
between two solvents to measure the hydrolysis and affinity constants 
to get the same data. It Is clear that all of these different phases of the 
theory must and will be studied in order to get a clear vision of the funda¬ 
mental underlying causes of these color changes. 

Conclusions. 

1. Equations are given to show the relation between the specific ab¬ 
sorption index (or specific color intensity), or per cent, of intensity colored 
quinone-phenolate salt, and the equilibrium and affinity constants of the 
two acid groups of phenolphthalein and phenolsulfonphthalein indicators. 

2. A spectrophotometric method is proposed for measuring the con¬ 
centration of the monobasic yellow quinone phenol salt and of the dibasic 
intensely colored quinone-phenolate salt in any solution, and the per cent. 

1 Brightaan, Hopfield, Meacham and Acree, This Journal, 40, 1940 (1918). 

•Ann.. 354, 171 (1907), Ber., 40, 3728 (1907);/^, 30, 177 (1897)- 

* Green and King. J. Chem. Sot, , 85, 398 (1904); Ber , 40, 3724 (1907). 

* Am Chem. J., 39,533 (1908)141,126, 137-9 (1909). 
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of any indicator transformed into the qninone-phenolate salt in alkaline 
solution. 

3. 'By the use of the equations and the spectrophotometric data by Howe 
and Gibson and by ourselves, we have shown that sulfonphthalein indica¬ 
tors are transformed practically completely into quinone-phenolate salts 
and are therefore very fine, intensely colored indicators. Phenol- 
phthalein is changed to the extent of only about 44% into the intensely 
colored qninone-phenolate salt, the remainder forming the colorless lac- 
toidal (and hydrated) salts. Tetrachloro-, tetrabromo-, and tetraiodo- 
phenolphthalein form only about 1 to 2% of the intensely colored quinone- 
phenolate salt, the remaining 98 or 99% forming the colorless lactoidal 
(and hydrated) salts. These indicators are therefore very poor for 
analytical work. The introduction of 4 chlorines into the phthalic acid 
residue of phenolphthalein makes phenoltetrachloro-phthalein an excellent 
indicator which changes to probably 90% or more into the intensely 
colored quinone-phenolate salt. The introduction of halogens into the 
phenol groups of phenoltetrachloro-phthalein gives bromo and iodo deriva¬ 
tives, for example, which can give only 17 and 40%, respectively, of the 
intensely colored quinone-phenolate salt in alkaline solution. 

4. We have pointed out how the application of spectrophotometric 
methods, and the proper equations derived by the use of the mass law, 
to these indicators gives us for the first time an approximate measure 
of the real equilibrium and affinity constants of the two acid groups in 
indicators of the phenolphthalein and the phenolsulfonphthalein types. 

5. The disappearance of the violet band at 2300 for pbenolsulfon- 
phthalein indicates that in alkaline solution the quinone, or quinone-phenol, 
group is changed into a quinone-phenolate complex ion like the intensely 
colored double compounds which Jackson made by the union of quinone 
and phenolate salts. 


Syracuse, Nkw York. 
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THE LIQUID AMMONIA-SODIUM METHOD FOR HALOGENS 
IN ORGANIC COMPOUNDS, THE FORMATION OF 
CYANIDE, AND METHOD OF REMOV¬ 
ING FROM THE SOLUTION. 1 

Bv Charles William Clifford. 

Received March 18, 1919 

The literature on the determination of halogens in organic compounds 
by utilizing metallic sodium or potassium dissolved in liquid ammonia is 
meager, only two articles* being available. Since this method has been 
known only a comparatively short time and is not widely used, an inves¬ 
tigation of its accuracy was undertaken with a view of adopting it in this 
laboratory. 

The Liquid Ammonia-Sodium Method. —The manipulation consists 
essentially in placing a small quantity of the sample in a Dewar flask 
and adding liquid ammonia. The material for analysis need not be solu¬ 
ble in the liquid ammonia; if it is insoluble it must be finely divided. 
Metallic sodium is then added in small pieces until an excess is evidenced 
by a permanent blue color throughout the solution. By this treatment 
the halogen of the organic compound is entirely converted into inorganic 
halide. After evaporation of the excess of ammonia a little alcohol is used 
to take up any sodium remaining uncombined. The residue is taken up 
with water and acidified with nitric add. The halogen is determined 
usually by predpitation with standard silver nitrate in excess, followed by 
titration with sodium thiocyanate. 

Experimental. 

Substances for First Analyses.—Carbon tetrachloride and carbon hexa- 
chloride (hexachloro-ethane) were taken as being typical organic com¬ 
pounds although high in halogen. The sample of hexachloride had been 
recrystalliaed from alcohol and the tetrachloride was redistilled from c. p. 
material. 

Indications of the Formation of Cyanide.—Analysis of two samples of 
the tetrachloride sealed in glass bulbs gave an odor upon bdng addified, 
similar to that of hydrocyanic add, and the following percentages of 
chlorine were found: 98 40 and 96.80 (theoretical is 92.20). 

Proof of Cyanide Formation.—Unwdghed samples of both compounds 
were accordingly treated with sodium in liquid ammonia and qualitative 
tests for cyanide applied, with these results. 

Table I.—Tests for Cyanide. 

Method of testing for cyanide. CC1, CtCU. Blanks. 

Ferric ferrocyanide test. positive positive negative 

Ferric thiocyanate test . positive positive negative 

< Published by permission of the Director of Chemical Warfare Service. 

* E. Chablay, Aim. ckim,, 9, I, 469-519 (1914); C. A., 8, 3423 (1914); Dains, 
Vaughan *ad Janney, This Journal, 40, 936 (1918). 
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The foregoing results prove the formation of cyanide in these cases. 
The blanks gave negative tests for halides showing the purity of all re¬ 
agents in this respect. The formation of cyanide is not mentioned in 
the references. If formed it must be eliminated or determined in order 
to arrive at the true halogen content. 

Degree of Decomposition of Silver Cyanide and Elimination of Cyanide 
by Boiling the Nitric Acid Solution.—Some cyanide will be eliminated 
during the heating of the solution and silver precipitate, as a result of the 
decomposition of the silver cyanide in the hot dil. nitric acid. Tests 
using known solutions were carried out to ascertain the completeness 
of this decomposition and of the elimination of cyanide by boiling in 
nitric acid solution. Solutions of sodium chloride, sodium bromide, 
sodium iodide, and sodium cyanide were made up to 0.032 N concentra¬ 
tion. The chloride was recrystallized from c. p. material by means of 
hydrogen chloride; the bromide was c. p. material recrystallized once 
from hot water but was unsatisfactory, possibly due to impurities not 
removable by this operation; the iodide was c. p. material obtained from 
a reputable firm. Aliquots of each sodium halide solution equal to 40 
cc. of 0.02 iV were taken and an aliquot of sodium cyanide equal to 38.5 
cc. of o 02 N added to each. A definite excess (100 cc. except in two 
cases) of o 02 »V silver nitrate was next added, followed by neutralization 
with 6 N nitric acid, the addition of the specified amounts of 6 N nitric 
add in excess, and dilution to 250 cc. In the control tests 50 cc. of the 
silver nitrate was added to the aliquot of the sodium halide before the 
nitric add was added. The solutions were then toiled carefully for 3 
hours, a much longer heating than in the regular volumetric procedure. 
The containers were 500 cc. Erlenmeyer flasks covered with watch glasses 
supported on glass rods. After cooling and filtering, the solutions were 
titrated with 0.02 .V sodium thiocyanate, using ferric alum as the indi¬ 
cator. The graduated apparatus had been previously calibrated, and 
temperature corrections were applied to the solutions; this is true of all 
quantitative analyses reported in this paper. 

Table II 

Cc of. Oi V Cyanide Undecomposed by Boding in Dd. Nitric Acid. 

Added 25 cc 0 032 N. 


Concentration of acid 

STaCI 

NttBr 

Nftl 

10 cc. free 6 N HNO a , 250 cc vol 

O 07 1 
0.06 

O .15 

0.34 

50 cc, free 6 N HNOt, 250 cc. vol 

—0 Ol 1 ! 
—0 l8* 

—O 02 * 

O OX* 


The decomposition of silver cyanide and the elimination of cyanide by 
1 so cc. silver nitrate used. 

s Solubility ol silver halide or volatilization ol halogen may possibly affect these. 
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oxidation or volatilization by boiling in dil. nitric arid were approximately 
compile. This is shown by the results, summarized above. 

It is evident, however, that the separation of cyanide and halide is not 
sharply accurate even with prolonged boiling. 

An attempt was made to eliminate the cyanide by boiling the nitric 
acid solution before the addition of the silver nitrate, and by continuing 
the boiling until the volume was reduced from 150 cc. to 75 cc. In these 
experiments actual analyses by the liquid ammonia-sodium method were 
carried out, the cyanide being that formed in the reaction. Samples of 
hexachloro-etbane and an aromatic compound containing chlorine and 
nitrogen were used. The results for the hexachloro-ethane are close to 
the theoretical, and those for the aromatic compound check results by 
the sodium peroxide fusion 1 It is possible that minute quantities of 
cyanide are retained 2 * in these analyses, but if so it is in such small amounts 
that it does not appear in the results. The figures for chlorine were 
checked by titrating the cyanide* in an aliquot with o 02 N silver nitrate 
(deducting an end-point blank of o 02 cc ), and subtracting its equivalent 
from the silver halide plus silver cyanide precipitated in another aliquot 
of the same sample. As will be seen from the data, the cyanide formed 
is not a constant for each substance, and is apparently dependent upon 
factors not ordinarily regulated, in fact, later analyses indicate that in 
some cases no appreciable amount of cy anide is formed (for example, the 
analyses referred to by Note 5 under Table VIII, page 1058). 

Table III 

Analysis of Carbon Hcxachlonde by tie Liquid Ammonia-Sodium Method, Eliminating 
HCN from the Nitnc Acid Solution 

c f chlorine 


’c cyanide found 

k aic 

Found 

4 78 


89 70 

4 35 


89 87 

4 91 

89 86 

9 > 0 

5 11 


f 9 66 

3 °7 


89 22 

0.87 


90 19 



Av., 89 77 


That the presence of nitrogen in the compound analyzed is without 
effect is shown by the following results 

1 Leznp and Broderson, This Jousnal, 39, 2069 (1917), Parr, J Ini. Eng. Chant . 
Hi *30 (1919). 

‘Richards and Singer. Am Chen. J , 27, 20S (1902); Am J Set , 163, 13, 315 
(1902). 

1 Bruckmiller, This Journal, 38, 1954 11916), Am J Set , 192, 42, 498 (1916). 

* Treadw ell-Hall, Analytical Chemistry, 1915, II, 711 
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Table IV. 

Analysis of Aromatic Compound Containing Chlorine and Nitrogeqp 


% cyanide 
found. 


% chlorine. 

Calc 

Found. 

2.92 


$ 4°-63 

| 40 . 7 l 

6 03 

40 76 

$40.67 
}40.64 

3 89 


$40.22 

^ 40.3 


Av., 4 °-S 3 


Remarks 

Tests on 2 blanks gave no cyanide and 
no halide. Color rendered end-point 
somewhat difficult to observe. 
Average of several analyses by sodium 
peroxide fusion was 40.10% Cl. 


Loss of Halogen in Boiling the Nitric Acid Solution.—Rosanoff and Hill 1 
state that in their experiments, boiling 200 cc. of 0.02 N potassium 
chloride after adding 4 cc. of cone, nitric acid, no halogen was found in 
the distillate of 15 cc., but that when the acid was increased to 6 cc., 
traces distilled over; with 200 cc. of 0.01 A' potassium bromide, 3 cc. of 
the acid caused no loss of bromine, but 3.5 cc. did. Bruckmiller 5 found 
no loss of chlorine in boiling solutions containing 0.015 g- sodium chloride 
after adding from 1 to 5 cc. nitric add in volumes varying from too cc. 
to 25 cc. Lemp and Broderson 2 found no loss of chlorine in boiling the 
sodium peroxide fusion extract addified with nitric add, but demonstrated 
the probability of inaccurate results in the case of fusions of compounds 
containing bromine or iodine. 

It was desired to check the accuracy of the analyses of organic com¬ 
pounds for chlorine previously given, and to determine whether bromine 
would be lost in distillation with nitric add, where an ordinary excess of 
nitric add, say 10 cc. of the 6 N add, was used. The following tests were 
carried out: The solutions of o 032 N sodium chloride, sodium bromide, 
and sodium cyanide previously described, and 3% halide-free sodium 
hydroxide were used. Aliquots of the halides equal to 40 cc. of 0.02 N 
were taken and analyzed directly for control, adding first the silver nitrate, 
then the acid. An aliquot of each halide equal to 40 cc. of o 02 N was 
then taken, an aliquot of sodium cyanide equal to 38.5 cc. of o. 02 N added, 
then sodium hydroxide equal to 0.8 g. sodium. Each was neutralized 
with 6 N nitric aid and an excess of 10 cc. of the 6 .\ T add added. Each 
solution was then distilled into 50 cc. of the 3% sodium hydroxide. 

The results showed no loss of chlorine, although the boiling was con¬ 
tinued until the original volume was reduced from 200 cc. to 100 cc. 
No chlorine was found in the distillate. However, a small amount of 
bromine did distil over, due tither to oxidation of bromide or volatiliza¬ 
tion of hydrobromic add, and here the last portions of cyanide seemed 

* This Journal, 29, 1470 (1907); C. A., 2, 41 (190*). 

* Lae. til. 
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difficult to distil. It is evident from a consideration of these results 
and those given in the references 1 that all concentrations of reagents 
must be carefully controlled, if complete and accurate separation of the 
cyanide and the bromide are to be obtained. 

Other Separations of Cyanide and Halide.—Since distillation with 
nitric add would require very careful regulation of concentrations in order 
to eliminate practically all cyanide with no loss of chlorine or bromine, 
and since nitric add easily oxidizes hydriodic add, liberating free iodine, 2 a 
study was made of various other possible methods of separating cyanide 
quantitatively from the halogens. The following methods were con¬ 
sidered: 

(a) The predpitation of silver cyanide and silver halide together, then 
making the concentration of nitric add 10% to 25%, in which silver 
cyanide is soluble, followed by filtration and titration of the silver cyanide 
as a soluble silver salt. 2 (b) Predpitation of silver cyanide and silver 
halide, followed by separation by the use of mercuric oxide in acetic add. 
(c) Aspiration of the nitric or acetic add solution, (d) Carbonation 
of the alkaline solution ( e ) Titration of the cyanide in one aliquot, 
using silver nitrate, followed by predpitation of both cyanide and halide 
with silver nitrate in another aliquot This method was tried in several 
instances, but on account of the multiplication of errors does not give 
dosely agredng results. This is shown by the following analyses of 
hexachloro-ethane and an aromatic compound 

Table V 

Determination of Chlorine by Deducting Cyanide from Sum of Cyanide and Chloride. 


Hcxachloro-etbane 

Aromatic compound contain 
mg chlorine and nitrogen 

Found 

Calc 

Found 

Calc 

89.83 


43 54 


88.92 


O 41 


91 11 


40.63 


91.83 

89 8r> 

40 7 

40 70 

90 65 


41.84 


89.89 


39 6 


Av., 90.37 


Av., 41 13 



if) Predpitation of silver cyanide and silver halide, followed by reduction 
with zinc and sulfuric add overnight, filtration, and determination of 
the halogen, (g) Boiling off the cyanide as hydrogen cyanide after addi- 
fying with sulfuric add 4 (this for chlorides only). (/») Distillation of 

1 Rosanoff and Hill, Loc. tit ; Bruckmiller, Ibid. 

* Lemp and Broderson, Ibid. 

* Gregor, Z. Anal. Cham., 33, 33 (1894) 

4 Richards and Singer, Loc. cil. 
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the cyanMe as hydrogen cyanide from the acetic acid solution of the halide. 1 

Method Selected, and Experimental Tests. —The last separation gave 
promise of being the simplest. Using the previously mentioned solutions 
of sodium halides, sodium cyanide, and sodium hydroxide, this separa¬ 
tion was tested qualitatively and quantitatively. 

(1) The purpose of the qualitative tests was to establish the time neces¬ 
sary for the complete elimination of cyanide, with regard to various con¬ 
centrations of halogen, cyanide, and acetic acid. An aliquot each of sodium 
chloride and sodium bromide equal to 40 ec. of 0 02 N was taken in a 
500 cc. Erlenmeyer, an aliquot of cyanide equal to 0.02 g. CN added, 
then 50 cc. of halide-free sodium hydroxide, which was equal to- o. 8 g. 
of sodium. Each solution was diluted to about 200 cc., neutralized to 
pbenolphthalein with 6 N acetic acid, and an excess of about one cc. 
added. (Preliminary tests had shown that varying the excess of acetic 
acid from o. 1 to 2. o cc. had little, if any, effect upon the time of elimina¬ 
tion of hydrocyanic acid.) A few clean glass beads were introduced, the 
Erlenmeyer flask was covered with a watch glass supported on a piece of 
glass rod. and boiled for l /» hour. Each solution was then made slightly 
alkaline with ammonia, two drops of ammonium sulfide were added, and 
the solution was evaporated to about 20 cc. The addition of ferric chloride 
solution proved in each case that cyanide had been completely eliminated. 

Tests with higher concentrations of halogen and cyanide were next made 
in the same manner as just described. The aliquots of halogen were 
equal to 160 cc. of o 02 N, the cyanide aliquots were equal to 0.08 g. 
CN, and the sodium hydroxide aliquot was the same as previously. After 
half an hour's boiling cyanide was still present, so this series was repeated, 
employing a boiling time of one hour. Tests in this case showed cyanide 
to be completely eliminated. Aliquots of sodium iodide were not used 
in these tests, since the addition of ferric chloride would liberate iodine 
and mask a positive test. 

(2) Careful analyses were made to test this method of separation quan¬ 
titatively. These known solutions were used, and the conditions of the. 
liquid ammonia-sodium method were duplicated as exactly as possible. 
Two series were run as described under (1). The first contained halogen 
equal to 40 cc. of 0.02 iV, cyanide equal to 0.02 g. CN, and sodium hy¬ 
droxide equal to o. 8 g. sodium, and was boiled for */* hour. The second 
contained each halogen equal to 160 cc. of 0.02 N, cyanide equal to 0.08 
g. CN, and sodium hydroxide equal to o. 8 g. sodium, and was boiled one 
hour. In the case of every solution, after the boiling the halogen was 
determined by the standard method of precipitation with 0.02 N silver 
nitrate. The solution was then filtered and the excess silver nitrate was 
titrated with 0.02 N sodium thiocyanate. Filtering off silver bromide 

1 H. E- Williams, "Chemistry of Cyanogen Compounds," 1915, 33;. 



LIQUID AMMONIA-SODIUM METHOD. 


1057 


and silver iodide is usually considered unnecessary, 1 but it was done 
here in order that the end-point might be more accurately observed. 

Control determinations were made on an aliquot of each halide after 
adding an aliquot of sodium hydroxide, for the series of low concentra¬ 
tion and the series of high concentration. Half of these were acidified 
with the acetic acid and boiled, while the remainder were analyzed di¬ 
rectly for halogen content. All of these controls agreed within experi¬ 
mental error, showing no mechanical loss by the process of boiling. Dupli¬ 
cate analyses were made in every test described. It was assumed that the 
acetic radical is without effect in the halogen determination, since silver 
acetate is much more soluble than silver halide. The results verify this 
assumption. 

Table VI 

Summary of Analyses of Known Solutions of Sodium Halide, Containing Cyanide. 

Halogeu content, and variation NaC 1 Xafir Nal 

G. total halogen per cc o ooi 1479 o 0025699 o 0039987 

G. total halogen per cc. found by experiments o 0011480 o 0023720 o 0039991 

G halogen per cc maximum variation in controls o 1x100022 n 0000125 o 0000075 

G halogen per cc. maximum variation in experi¬ 
ments. o CXXW012 o 0000130 o 0000084 

% maximum difference in experiments . o 10 o 51 o 21 

A consideration of these results shows that in each case the order of 
accuracy in the experiments was approximately the same as in the con¬ 
trols. 

Conclusions from these Test Analyses. —It is proved, then, that the 
modified liquid ammonia-sodium method is accurate at least within the 
following ranges: 

Table VII 

Ranges Tester! and Found Accurate for the Modified Method 


Composition of solution 

Lower limit 

Tapper limit 

Volume for boiling . 

17s cc 

400 CC. 

Halide. 

O 002 .V 

0 o>o N 

Cyanide .. 

0 05 g per liter 

0 46 g per lit< 

Sodium other than -odium halide 

0 0 g 

0 8 g sodium 

(1 N acetic acid 

0 1 ec 

2 0 cc 


Analysis of Organic Compounds by the Modified Liquid Ammonia- 

Sodium Method. 

.Samples of carbon tetrachloride, hexachloro-elhane, and various organic 
substances sent into the laboratory' for analysis were next analyzed by 
the modified liquid ammonia-sodium method. 

Procedure in Detail.—Samples of liquids of high boiling points were 
weighed in very thin-walled glass bulbs hat ing short, large, capillary necks. 
These were introduced into the ammonia and carefully broken with special 
1 RosanofT and Hill, This Journal, 29, 273 (1907); C A., 1, 1367 (1907); Chem. 
Zmlr., 1907, 1 , 1586. 
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tongs or by gentle pressure with a heavy glass rod spread at the bottom 
and having a concave under-surface. If this latter method is used, great 
care must be taken in order not to fracture the Dewar flask. Unsilvered 
flasks permit ready observation and allow fairly rapid evaporation. Sam¬ 
ples of solids were introduced directly into the flask. 

The sample of o 05 to o 25 g. in about 30 ec. of liquid ammonia was 
treated with an excess of sodium, added slowly in small pieces with fre¬ 
quent stirring, until the blue color persisted 15 minutes. The ammonia 
was allowed to evaporate. To let stand overnight is convenient, but the 
time of evaporation may be shortened by blowing dried air from a glass 

Tabus VIII. 

Summary of Analyses of Organic Compounds by Modified Method 

% halogen 



Original 


NniOi 

Modified 


Compound 

method 


fusion 

method 

Calc. 

eels'. 

IOJ 55 



93 33 
93-43 

92.20 





Av., 93 37 


CiCU. .. 

* 9 - 9 & 



90 37 
89.74 

89 86 





90 23 






Av , 90 11 


Barium salt of organic sulfonic 






acid 

15 23 1 


*5*7 

15 02 

16 70 




15 05 

15-03 

15 3 




Av., 


Av , 15.13 


Aromatic arsenic-chlorine com- 






pound, 2 yellow 

13 98 1 


12.80 

13.49 

12 80 




13 59 
13 56 
12.82 

13 8j 





13.13 





Av., 

13-18 

Av., ij 17 


Aromatic arsenic-chlorine com* 






pound, white. 

* 4-55 


... 

13.35 





13 28 

13 33 * 





13.33 

13 - 19 *’ 4 

13 4 ° 



Av., 

is 30 

Av., 13.26 



1 Sample not redistilled. 

1 Compound probably impure, not homogeneous. 
* Not filtered before precipitating silver halide. 

4 Silver halide not filtered off before titrating. 

4 Little or no cyanide apparently formed. 
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tube whose outlet is within a few centimeters of the surface. After add¬ 
ing a little alcohol to take care of the excess sodium, water was added, 
the solution was transferred to a 250 cc. beaker, diluted to about 150 CC-, 
and filtered into a 500 cc. Erlenmeyer flask. 1 This filtration may be dis¬ 
pensed with in many cases. The solution was diluted to 200-250 cc., 
neutralized to phenolphthalein with 6 N acetic acid, and a slight excess 
(about one cc.) added. A few, clean, glass beads were then added, the 
flask was covered with a watch glass supported on a piece of glass rod, 
and boiled carefully at a rather moderate rate for one hour. If more 
than about 75 cc. of water was vaporized, it was replaced to maintain a 
fairly constant volume. The solution was cooled somewhat, and the 
halogen determined by precipitation with silver nitrate, filtration (in 
most cases), and subsequent titration with sodium thiocyanate. 

Method of Titrating to a Definite End-point.—235 cc. of water, 10 cc. 
of 6 AT nitric acid, and 5 cc. of 10% ferric alum were taken, and o. 12 cc. 
of 0.02 N sodium thiocyanate added. All determinations were titrated 
to this same color intensity, using a so-called "Daylight” electric bulb in 
absence of ordinary sunlight. The sodium thiocyanate was standard¬ 
ized on pure polished silver foil and the silver nitrate by weighing silver 
chloride, then by checking on the sodium thiocyanate. 

Analyses of the last two compounds were completed by the volumetric 
method, in spite of interfering colors which were intensified by the ad¬ 
dition of ferric indicator. 

Comparison of this Method, the Carius Method, and the Sodium Per¬ 
oxide Fusion Method.—This method is much more rapid than the Carius 
method. As compared with the sodium peroxide fusion, this method 
possesses the advantage that no blank is necessary, since all reagents can 
be obtained halide-free without trouble. In the determination of bromine 
and iodine by this method no oxyacid salts can be formed. The sodium 
peroxide fusion has been the most widely applicable rapid method for 
halogens (and sulfur) used in this laboratory. With the liquid ammonia- 
sodium method side reactions may occur and give rise to interfering 
compounds and colors, as in the case of aromatic compounds, which make 
it advisable to decolorize or determine gravimetrically. 

Summary. 

1. Cyanide is formed in many cases by the treatment of organic com¬ 
pounds with sodium in liquid ammonia. No mention of this is found in 
the literature. 

2 . The procedure outlined in the references cannot be followed without 
involving possibility of error. On acidifying, only a part of the hydro¬ 
cyanic add which may have been formed is expelled. At best, the de- 

1 A thin ring of stopcock grease around the top of the Dewar flask aids in trans- 
farring the contents quantitatively to the beaker 



io6o 


R. W. MOOSE. 


composition of silver cyanide and elimination of cyanide by boiling in 
dil. nitric acid are only approximately quantitative. 

3. The per cent, of cyanide formed is not a constant for each substance, 
under the conditions of analysis. 

4. Treatment with sodium in liquid ammonia completely removes 
any halogen present in organic compounds. This method is accurate for 
halogen determination in organic compounds when the resulting halide is 
separated quantitatively from any cyanide present by acidifying the solu¬ 
tion with acetic acid, and then boiling. 

5. With chlorine, boiling the nitric acid solution has proved to be a 
sufficiently accurate elimination of cyanide. An approximate check may 
be obtained by subtracting cyanide determined in one aliquot from cyanide 
and halide determined in another aliquot. 

The writer wishes to acknowledge his indebtedness to Dr. Albert Finck, 
under whose supervision this work was performed. 

Washington, D. C. 


(Contribution from the Research Laboratory of the General Electric Co ] 

A METHOD OF GROWING LARGE PERFECT CRYSTALS FROM 

SOLUTION. 

By R. W. Moore. 

Received March 18, 1919. 

In the course of an investigation of some of the electrical properties 
of crystals, it became necessary to procure large pieces of wholly clear 
Rochelle salt crystals. It was found impractical to obtain these from 
commercial sources; a search through tons of crystals yielded only one or 
two pounds of suitable material. It therefore became necessary to work 
out some method of producing this material in the laboratory. 

During the last few years, considerable work has been done along the 
line of producing perfect crystals from solution. In 1908, F. Kruger and 
W. Finke obtained a German patent (German patent 228,246) on an 
apparatus for the production of homogeneous crystals suitable for phys¬ 
ical purposes by crystallizing in motion with a circulating solution. A 
heating element under delicate control is arranged in a super-saturation 
vessel and a means for cooling, also under control, between the super- 
saturation vessel and a crystallizing vessel. In 1915, J. J- Valeton 1 de¬ 
scribed an improved apparatus based on the above patent. 

The growing of crystals by this type of method has apparently been 
carried to a high state of perfection by J. C. Hostetter, 1 who made various 
improvements in the details and the construction of the apparatus. 

In 1916, the Elektrocbemische Werke took out an Austrian patent 
1 Ber. Sacks. Ges. Wtss., 67, 1-39 (1913). 

* J. Wash. Acad. Sci., 9, 85-94 (1919). 
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(Austrian patent 71,587) on an apparatus for growing large crystals 
from solutions or melts in which the chief novelty was the use of a suction 
stirrer to produce a lowered temperature and a circulation in the solu¬ 
tion. 

In 1915, J. M. Blake 1 published an article on the growing of crystals 
for measurement in which he describes methods of two types. One 
method consists of cooling a saturated solution slowly. This is accom¬ 
plished by placing the saturated solution in a bottle, hanging a seed crys¬ 
tal in the solution, suspending the bottle in a cask of warm water packed 
in sawdust, and allowing the whole to cool down together. Blake states 
that he had some success with this method and suggests that the bulky 
cask might be replaced by a smaller reservoir with a source of heat con¬ 
trolled by a thermostat. 

The other type of method consists of hanging a seed crystal in a solu¬ 
tion of the salt contained in an inclined vessel, suspending a supply of 
solid salt in the upper end of the vessel, and gently heating this end. 
Blake states this apparatus can give a steady, constant growth to a crys¬ 
tal and has given good results. 

In attempting to grow very large, clear crystals of Rochelle salt, the author 
first tried the method suggested by Kruger and Finke. Hostetter at 
this time had not published his article, so that the results of his work 
were not available. This method gave no successful results, due largely 
to too crude regulation of the temperature. A cooling method similar 
to the large cask method used by Blake also gave no satisfactory crys¬ 
tals. Finally, however, a very simple method and apparatus were de¬ 
veloped which gave very satisfactory results. 

This method consists briefly of placing a small seed crystal or several 
of them in a nearly saturated solution of the salt, cooling the solution 
until it is very slightly supersaturated, and maintaining a state of slight 
super saturation by slowly cooling the solution, with the temperature 
regulated within very narrow limits. If the rate of cooling be slow enough, 
and the temperature does not vary outside very narrow limits, the seed 
crystals will be build out to form perfectly developed, dear crystals, and 
will continue to grow clear and perfect as long as the state of slight super¬ 
saturation is maintained. 

For the production of large crystals of Rochelle salt, our practice is as 
follows: A saturated solution is made up at some convenient tempera¬ 
ture, usually between 35 and 40°. The solution is removed from the ex¬ 
cess of salt, heated to a temperature about 7-8° above the saturation 
temperature, and filtered through paper on a Buchner funnel. The tem¬ 
perature of the solution is not allowed to fall to less than 4-5 0 above its 
saturation temperature. Small seed crystals are placed in a jar and the 
1 Am. J. Sci., 39, 567-570 (1915). 
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salt solution then poured in. The jar is covered at once with a glass plate 
and placed in a large water-bath, the temperature of which is about 0.5 0 
above the saturation temperature of the solution. The temperature of 
the whole is allowed to fall off to practically the saturation temperature 
as fast as the bath tends to cool. Then, by means of a sensitive thermo¬ 
stat, the rate of cooling is controlled and the temperature allowed to 
drop at the rate of about o. 1 0 per day, until the crystals have increased 
noticeably in size and have built out into perfect crystals. This usually 
takes only about one day after the saturation temperature is reached. 
Then the temperature is allowed to fall about 0,2° per day; after the 
crystals are about l /\ to 1 inch long, the rate of cooling is increased to 
0.3 0 to 0.4 0 per day, and when the crystals are well over one inch, to 
o.5°-o.6° per day. The thermostat setting is changed twice each day— 
morning and evening. When the solution has cooled to about room 
temperature, the jar is removed from the bath and the crystals taken out. 
They are dried by wiping with a soft, dry cloth. 

Saturation Curve.—Before a crystallization such as outlined above 
can be carried out successfully, it is necessary to know exactly at what 
temperature the solution used will begin to crystallize. In order to de¬ 
termine this factor, we have made 
careful measurements of the specific 
gravity of a saturated solution of 
Rochelle salt at various temperatures 
over a range from 15 to 39 °, and 
plotted a curve (Fig. 1). From these 
data, given the specific gravity of a 
solution that is nearly saturated, the 
temperature of saturation and hence 
the temperature at which crystalliza¬ 
tion will begin is known. Allowance must be made for the fact that the 
specific gravity is taken (by hydrometer) at a temperature somewhat 
above the saturation temperature; this allowance proved to be about 
0.0005 per degree. 

Seed Crystals.—As seed crystals, we use small bits of dear crystal 
about 5 nun, long and 2 mm. thick. In case we have small entire crystals 
of about the right size, these are used, If not, larger crystals are cut up 
and pieces are used. In most cases, we have suspended the seed crystals 
on threads or fine wire. Since there is a tendency for the crystals to dis¬ 
solve somewhat before the solution cools to the crystallizing tempera¬ 
ture, a groove is usually cut around the crystal and the thread or wire 
fastened around the crystal in the groove. If this is not done, the crystals 
are very liable to drop out of the loop in the thread or wire. We attempt 
to choose a crystal of such size that it will not dissolve enough to fall out 
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of the suspension, and yet not larger than necessary. The seed crystal 
always shows inside the larger crystal and hence we attempt to keep it 
as small as possible so as to keep as much of the large crystal clear as possi¬ 
ble. We have grown a considerable number of crystals lying on glass 
plates, without any thread in them. The crystals will grow clear under 
these conditions, but the resulting crystal is not a whole crystal—the side 
against the glass does not develop. Some few crystals have been grown 
standing on 'end on glass plates, but it seems to be much more difficult 
to get crystals to grow clear and perfect when grown in this position. 

In all cases, we have found it desirable to protect the growing crystals 
from chance crystals, which start spontaneously, by placing in the solu¬ 
tion above each crystal or layer of crystals some form of shield, such as a 
glass plate suspended a few centimeters above the crystals. 

The number of crystals grown in a given amount of solution has been 
varied over a wide range and various forms of containers have been used. 
The rate at which a crystal grows seems to be the factor which determines 
whether or not the crystal grows clear and perfect, hence, since the amount 
of substance which separates out for a definite drop of temperature must 
be a definite quantity, the rate of growth of any single crystal must de¬ 
pend on the number of crystals in the solution. It should be possible to 
cool a solution containing several crystals faster than one containing a 
lesser number and still obtain clear crystals. The relative sizes of the 
crystals probably also have some effect, and the position in the solution 
certainly has; the crystals near the bottom of the container grow faster 
than those near the top. Furthermore, since crystals as they grow larger 
have a greater area of surface, it should be possible to cool at a more rapid 
rate when the crystals are large and still have the crystals grow clear. 
Our results so far have confirmed the above conclusions. 

One container which we have used very extensively has been a glass 
battery jar with a capacity of about 8-io liters [size about 6X8 inches and 
12 inches high]. The number of crystals that seems to give the most satis¬ 
factory results is about 15, hung in 3 layers and located as far apart as 
practicable. If more than this number are grown, the crystals are likely 
to touch and form defective surfaces. A smaller number will give larger 
crystals, but the rate of growth must be slower. 

The other container most used has been a 12-gal. crock, into which 12 gal¬ 
lons of solution has been placed, Bind in which 36 seed crystals have been 
suspended. The seed crystals have been hung from frames made of glass 
rod or heavy nickel wire. 

Rate of Growth. —It is not intended that the rate of cooling given in 
the general outline of the process should be taken as fixed. If there are 
a considerable number of crystals in one container, the temperature can 
probably be lowered at a more rapid rate than that given. The tempera. 
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ture changes given are those that will fit most conditions, and are those 
that we follow at present because they are well within the limits. The 
maximum rate has not yet been determined; this will, of course, vary 
considerably with varying conditions. 

Water-Baths. —For water-baths we have used various containers. 
Most of these, however, have been large crocks, usually of 30 gallons 
capacity. The larger the bath, the more slowly and uniformly the tem¬ 
perature drops. One ioo-gallon crock we have used gave very satisfac¬ 
tory results. 

The heat is supplied in various ways In one instance we used incandes¬ 
cent lamps immersed m the water with the connections water-tight. In 
other trials we have had insulated wire heaters immersed in the water, but 
usually we use a resistance wire wound around the crock and also under¬ 
neath. All the crocks are covered with heavy felt or asbestos. 

Thermostat.—The temperature is controlled by a thermostat, which is 
sensitive to about o 01 °. This consists of a large glass bulb to which is 



scaled a capillary tube, 
resembling a very large 
thermometer. A plati¬ 
num wire is sealed 
through the top of the 
bulb. To the upper 
end of the capillary 
tube is sealed a larger 
tube, and in this is in¬ 
serted a rod with a fine 
screw thread; this screw 
passes through a 
threaded cap which 
rests on the top of the 
tube. To the bottom 
of the rod a platinum 


Fig. 2.— 1, Glass jar; 2, crock, 4. water, 5, heater winding, wire is fastened, and 


6, felt insulation, 7, seed crystal, 8, thread or wire, 9, 
glass rod support {or 10; 10, 11, glass plates, 12, ther¬ 
mostat bulb, 13, mercury column; 14, 15, plaUnum wire 
contacts, 16, screw to the end of which 15 is soldered, 
and which is carried by threaded cap 17, 18, connec- 


this is inserted into the 
capillary. The bulb is 
filled with mercury, 
which makes contact 


tions to relay (20, 21, 22) and battery 19, 23, heater between the two plati- 
connections, 24, generator, source of heating current; nurn points at any de- 
25, switch. . , 

sired temperature, 

which temperature can be regulated by the amount of mercury placed in 
the bulb. The setting of the thermostat can be regulated within very 
narrow limits by means of the screw. 
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This thermostat is used to operate a relay which opens or doses the 
heating circuit. 

Apparatus.—The arrangement of the whole apparatus in the case where 
a glass battery jar is used is shown in Fig. 2. 

Temperature of Saturation.—The temperature between 32-35 ° has been 
chosen as the most practicable. The solution cannot be heated above 
55 0 , since Rochelle salt breaks down at about this temperature. Hence 
the maximum saturation temperature is about 45°. With the room tem¬ 
perature around 20-22 it is not easy to work with the solution saturated 
at 45 0 , since the temperature of the room is so far below the temperature 
of the solution that it is difficult to prevent spontaneous crystallization, 
espedally on the surface. The 10-12 0 range through which we could drop 
the temperature of the solution has allowed us to grow crystals up to 
nearly 4 inches in length. In summer, it is desirable to raise the satura¬ 
tion temperature a few degrees. 

Washing the Crystals,—We have found considerable difficulty in re¬ 
moving the adhering solution from the finished crystal, without damage 
to the crystal. Dipping into water even at the same temperature as the 
solution seems to crack a large proportion of the crystals. Wiping the 
faces singly with damp cloth or cotton, or drying directly with a dry doth 
seem to give the best results, although these methods damage the sur¬ 
faces and edges slightly. 

The beauty of crystals produced by this method must be seen to be 
appreciated. Beautifully crystallized substances occur abundantly in 
nature, but the crystals are rarely, if ever, perfectly developed on all faces, 
due to the fact that the crystals grow with some of their faces in contact 
with other crystals or substances. By the above method this difficulty is 
eliminated, and the crystals are given an opportunity of growing perfectly 
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in all directions. The result is a crystal with all angles and faces per¬ 
fectly formed, thus naturally producing crystals of great perfection and 
beauty Fig. 3 shows a photograph of a group of Rochelle salt crystals 
grown by the above method. 

Besides Rochelle salt, we have grown crystals of potassium alum, with 
entire success. Indeed, there seems no reason why the method should not 
be applicable to many substances which crystallize from solution, either in 
water or various other solvents, and which have a considerable variation 
in solubility with change of temperature. Also, it should be possible to 
grow crystals of two or more isomorphous substances one inside the other. 
We have succeeded in doing this in the case of potassium and chrome 
alums, but the resulting crystals were not quite perfect; the manipulation 
in this case is somewhat more difficult than with a single substance. 

It might be noted that growing crystals by this method requires 
considerable time and patience. In the first place, the saturation tempera¬ 
ture of the solution to be used must be carefully determined over at least 
a small range of temperature around the temperature at which it is pro¬ 
posed to start the crystallization. Furthermore, it will probably require a 
few trials to determine exactly what temperature ranges are necessary 
to observe in order that the seed crystals shall not dissolve, and yet spon¬ 
taneous crystals shall not form. The temperature control apparatus 
must be in perfect working order, for it must work perfectly over a period 
of several weeks, without a single miss. If the temperature is allowed to 
drop too suddenly over even a small range, the crystal does not grow clear, 
and a cloudy spot or flaw in the crystal is produced. If, by any chance, 
the temperature rises a little above the saturation temperature, and the 
crystal dissolves slightly on the surface, and after this the temperature is 
again lowered, and the crystal grows larger, the outlines of the crystal 
at the point where it started to grow again always show in the finished 
crystal. Only when the condition of very slight supersaturatiou is con¬ 
stantly maintained throughout the growth of the crystal, does the crystal 
grow perfectly dear. To produce a clear, perfectly developed crystal 
about 3 inches long has required a period of about one month. 

In condusion, I wish to express my thanks to Mr. E H Guyon and Mr. 
£. 0 . Hoffman, who carried out a large portion of the experimental part 
of this work. 

SCHSNBCTADY, N. V. 
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SOLUBILITY. III. RELATIVE VALUES OF INTERNAL PRES¬ 
SURES AND THEIR PRACTICAL APPLICATION. 

By Joel H Hildebrand 

Received April 11, 1919 

i. Introduction. 

Jn the first paper by the writer on this subject, 1 it was shown that de¬ 
viations from Raoult’s law for non-polar substances could be predicted 
on the basis of differences in internal pressures of cohesions of substances 
in the liquid state. Since, in systems where it is obeyed, Raoult’s law 
furnishes a method for calculating solubilities of both solids and gases, 
the prediction of deviations from it makes possible the estimation of rel¬ 
ative solubilities. Moreover, we are enabled thereby to understand de¬ 
viations from a number of fundamental physico-chemical formulas, such 
as those dealing with molecular weights of dissolved substances, osmotic 
pressure, Henry’s law, the distillation of liquid mixtures, and concentration 
cells. The wide use to which van’t Hoff’s law for osmotic pressure is 
put in deriving physico-chemical formulas emphasizes the importance of 
an accurate expression for the behavior of substances in solution. The 
value of Raoult’s law in dealing especial!}' with concentrated solutions has 
begun to be recognized by physical chemists in recent years. Raoult’s 
law is much more accurate at high concentrations than van’t Hoff’s law 
and serves quite as well for deriving physico-chemical formulas, in spite 
of the fact that, as usual in such cases, most text-books in physical chem¬ 
istry still cling to the historical basis. The present theory, dealing as it 
does with the deviations from Raoult’s law, presents a method of ap¬ 
proach to the various problems involving the colligative properties of 
solutions, concentrated as well as dilute. 

In addition to the abundant evidence in support of the theory given in 
the first paper, still further data were furnished in a second paper on the 
same subject. 5 It seems safe to say that all of the evidence cited, and this 
constitutes nearly all at present available, supports the theory that (i) 
with non-polar substances Raoult’s law will be obeyed by mixtures of • 
liquids having equal internal or cohesive pressures, and (2) the greater 
the difference between the internal pressures the greater will be the es¬ 
caping tendency of each component of the mixture, and hence the greater 
the positive deviation of both components from Raoult’s law. How this 
theory could be used to predict solubilities was explained in the first paper, 
wherein considerable discussion was also included on the effect of polarity. 

The most unsatisfactory feature of the previous presentation consisted 
of the divergent values of the internal pressures, as calculated by other 
1 This Journal, 38,1432 (1916) 

• nM; 39 , 229? (1917). 
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workers, and the uncertainty involved in any attempt to deal with sub¬ 
stances other than those given in the table A study of their methods for 
calculating internal pressures has shown dearly the necessity for a careful 
critique of the whole subject As a preliminary result of this it has been 
possible to calculate from every simple data by several independent meth¬ 
ods the position of each substance in a table of relative internal pressures 
The order of arrangement of the substances considered has turned out to 
be substantially the same irrespective of the method used, so that it 
becomes possible for one to find very easily the position of a new sub¬ 
stance in the table and to answer a variety of questions regarding its 
solutions 

No originality is daimed for the fundamental theories used in the fol¬ 
lowing calculations of relative internal pressure, with the exception of the 
method for rdating heat of v apori/ation to boiling point A later paper 
will deal more fully with the theoretical aspects of the problem, this one 
being designed to present a practical basis for predicting solubilities and 
for dealing with other problems which may be connected with deviations 
from Raoult’s law 

2. Methods for Calculating Internal Pressure. 

(a) Surface Tension. —It is obvious that work must be done when the 
surface of a liquid is extended, since a great many molecules are brought 
from the interior of the liquid, where the attractive forces acting upon a 
given molecule are the same m all directions, into the surface, where there 
is an unbalanced attraction towards the interior This work is numeri¬ 
cally equal, on the one hand, to the surface tension, multiplied by the in¬ 
crease in surface It is equal, on the other hand, to the work done in 
bringing into the surface against the internal pressure the number of 
molecules necessary' to form the new surface The work again st surface 
tension is an experimental quantity, and hence would enable us to calcu¬ 
late the internal pressure provided we knew the rate at which this inward 
attraction decreases as a molecule moves inward from the surface This 
idea is contained in the well known equations of Laplace, which require 
for their integration an assumption as to the law of molecular attraction 
Whatever the larv expressing the rate of decrease of the unbalanced in¬ 
ternal pressure with the distance below the surface, it is very probable 
that it is a function of the mean molecular distance, which is proportional 
to the cube root of the molecular volume V* Hence we may assume 
that the work involved m a unit increase is surface, which equals 7, is also 
proportional to y/V w Accordingly, the expression 

n 00 7 /V H (1) 

should give relative values of internal pressure, at least for liquids whose 
molecules do not have a very decided orientation in the liquid surface. 
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A later communication will deal with the values of the proportionality 
constant resulting from different assumptions for the law of molecular 
attraction. 

(6) Heat of Vaporization. —Stefan 1 has made the well-known assump¬ 
tion that the work involved in bringing a molecule to the surface of a liquid 
is */* °f that necessary to overcome the entire attraction of the liquid mass 
involved in vaporization. This leads to the equation 

n a L ~ RT 

n = 2065 ——— 


where L is the heat of vaporization. The numerical factor is necessary to 
convert calories into cc. atmospheres 

The writer has shown 2 that there is a very simple relation existing be¬ 
tween the vapor pressures of all normal liquids which enables one to 
calculate the entire vapor pressure curve, and hence the heat of vaporiza¬ 
tion, from a single point, such as the boiling point. This relation may be 
used to substitute the more accessible boiling point for the heat of vaporiza¬ 
tion in making the above calculation By plotting log p against log T 
for the vapor pressure of one normal liquid a curve is obtained which may 
be superimposed upon the similar curve for any other normal liquid by- 
sliding it along any line whose equation is log p = log T -f const. Con¬ 
sequently, when but a single point on the vapor-pressure curve of one sub¬ 
stance is known, such as the boiling point, the entire curve may be con¬ 
structed by the above means Furthermore, the tangent to this curve 
at any point has a slope equal to L RT From this the value of L at any 
temperature can be obtained Subtracting RT gives the value of the 
heat of vaporization at constant volume This was determined for a 
number of liquids having different boiling points, and it was found that 
the relation between L — RT at 20 0 and the boiling point of the liquid 
could be expressed by the following equation 

L - RT - 5200 + 30 t b 
where t b represents the boiling point. 

If Stefan's assumption is correct the internal pressure in atmospheres 
should accordingly be given by 

n = 20.63 (5 2 «3 + 3ot b )/V so (3) 

Even if the assumption is not absolutely correct it may still represent an 
approximation sufficient to give relative values of internal pressure for 
different liquids. 

(c) Critical Data. —As is well known, the term a/V* in the van der 
Waals equation of state represents the internal pressure. If this equation 
were accurate, values of a calculated from critical data would give true 
1 Stefan, Wuxi Ann , 29, 655 (1886) 

! Hildebrand, This Journal, 37, 970 (1915), 40, 4s (1918) 
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values for internal pressures. Expressing a in the units ordinarily used 
for van der Waals’ equation, the value of internal pressure in atmospheres 
would be 

n •= 5.10* a/V». (4) 

Inasmuch as critical data are not available for very many substances, 
it is gratifying to note that van Laar has contributed a method for the 
calculation of a on an additive basis.' He has shown that Va for a mole¬ 
cule is the sum of the values of Va for the atoms composing it. He gives 
the following values for Va*io 4 : 


H 1 

6 

P 6 4 

Kr 

6.9 

C 3 

x; 1 55, 0 

S 6 3 

Sb 

8 9 

N 2 

Q 

Cl 5 4 

I 

8 8 

0 2 

7 

A 5.2 

Xe 

9 1 

F 2 

9 

Se 7.1 

Hg 

11 

Ne 2 

0 

Br 6.9 




There is a constitutive influence apparent, especially with carbon com¬ 
pounds, where the surrounding atoms may exert a partial or even com- . 
plete screening effect. Thus in compounds like CC 1 «, CbHh, and CjH&Cl, 
the value of Va for carbon is o. In doubly bound carbon, such as in C»H» 
the value of Va- 10 4 is 1.55. It reaches its full value of 3.1 in CsH s , CO, 
etc. 

The following examples are reproduced from van Laar’s paper: 




v;. io*. 

Cl, 

f'Xj 4 )* 

= 108 

CvS, 

(31+2X63)* 

= 246 

C«H m 

(0+14X1 .6) 1 

-- 502 

C«Hj 

(6X155+6X1 .(>)" 

- 357 

CjHsCl 

(0 + 5X1 6 + 5 .4) 1 

= 180 

C.H«S 

(4X1 55 + 4X16 + 6.3)' 

»357 


It is thus possible to calculate values of a with sufficient accuracy 
for our present purpose of calculating relative internal pressures even 
where critical data are lacking. 

(d) From Coefficients of Expansion and Compressibility.—From van 
der Waals’ equation we get 

(dp/dT) v = R/{V -&) = (#> + o/V*)/T. 

Since for liquids p is small compared with a/V 1 we may write 

(bp/i>T) v = a/V*T. 

We may also write 

(ty/t>T) V = - (i>p/dV) T ( dV/DT) p = at/ ft 
where a is the coefficient of expansion and 0 the compressibility. By 
comparison with the previous expression we get 
II => a/V* = aT/fi. 

1 J. ckim. pkys.. 14, 3 (1916). 


( 5 ) 
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(e) From Coefficient of Expansion.—Starting again with the van der 
Waals equation we may differentiate with respect to V, at constant pres¬ 
sure, getting 


f, ( V - fc ) + £ = R&T/dV), 


i?r 


+ 


I^p-fa/Y 2 Y 2 
Neglecting p in comparison with a/V* and writing ( 6 V/bT) P — Va, we 
have finally 


“ = *(i + 2 r\ 

V \a ) 


(6) 


The values of i? in this equation cannot be evaluated by taking values 
of a and V at different temperatures, since a/R is constant. We will, 
therefore, simply take R — 82.1 cc.-atmospheres per degree, giving 

n - ‘~T (; + ’ r ) <« 

A similar expression can be derived for II in terms of the compressibility, 
but it is hardly worth while to multiply further expressions derived from 
van der Waals’ equation. 

(/) Comparison of Values Obtained by Different Methods.— On ap¬ 
plying the above expressions for internal pressure it is found that very 
different values are obtained for the same substance. This is illustrated 
by the values in the following table: 

Table I. 

Internal Pressures at 20°. 

11 (atmospheres). 



a 10* 

a 10*. 

8 • 10* 

V 

U) 

(4^ 

( 5 ). 

(6). 

Ether . 

34 6 34<> 

16 5 

187 l 

103 8 

1240 

1600 

2590 

930 

Carbon tetrachloride... 

• 76 5 389 

12.4 

104 5 

86 6 

1600 

2080 

3480 

1190 

Benzene 

. 80 373 

12 4 

95 3 

88.8 

1770 

2360 

3810 

1300 

Carbon disulfide. 

46 2 20 

12.2 

93 2 

60 2 

2260 

3040 

3840 

1920 


The values of (3 here used are those of Tvrer, 1 the values of a are calculated 
from the measurements of Young, 1 except that for carbon disulfide, which 
is from Hannay and Hogarth.* 

It is not surprising, in view of the well-known inadequacy of the van der 
Waals equation for dealing with liquids, that the different formulas de¬ 
rived by its aid lead to inconsistent results. It will be profitable in the 
future to study the results obtained by a similar treatment of other equa¬ 
tions of state. Such treatment, however, lies beyond the scope of the 
present paper, and is unnecessary for the present purpose, since, it will 
be observed, the values of n, calculated in the above various ways, are 
closely parallel (except the value for carbon disulfide, as calculated by 

1 Tyrer, J. Chem. Soc , 105, 2534 (1914}. 

* Young, Sc, Proc. Roy. Soc. Dub., 12, 374 (1910). 

* Hannay and Hogarth, Proc. Roy. Soc., 3a, 294 (1882). 
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Equation 5, which should be much higher to correspond to the others). 
Since we are interested primarily in relative and not in absolute values of 
internal pressure, in order to apply our theory for the deviations from 
Raoult's law, it suffices to determine the position of a liquid in the table 


Table II 

Relative Internal Pressures at ao°. 

5200+ JOlj, „ 


Substance 

> 


a 10 4 . 

V. 

i/rx ' 

V 

yi* 10 *- 

Olein 

34 4 



994 

1 60 



Nickel carbonyl 

H 50 

43 2 

54«* 

135 

2 84 

48 0 

2 46 

Octane 

. 21 52 

125 

728 

•77 

3 s 3 

50 5 

2 32 

Decaue 

22 08 

173 

968 

• 06 5 

3 80 

52 8 

2 52 

Hexane 

10 25 

6y 

493 

•3« 5 

3 80 

55 6 

2 90 

Ethyl ether 

17 1 

34 6 

34b 

103 8 

3 64 

60 1 

3 20 

Silicon tetrachloride 

16 65 

59 6 


“4 5 

3 42 

61 0 


Mesitylene 

28 32 

165 

684 

1 19 O 

5 46 

73 0 

3 5<> 

Stannic chloride 


113 

536 

1170 

5 44 

73 5 

3 90 

w-Xylene 

28 07 

139 

60s 

123 O 

5 64 

76 2 

4 00 

Ethyl benzene 

28 Q4 

UG 

570 

12 1 (> 

5 86 

76 7 

3 90 

Carbon tetrachloride 

26 56 

76 5 

389 

96 6 

5 78 

77 5 

4 16 

Toluene 

28 6* 

1107 

480 

106 S 

6 of) 

80 0 

4 28 

Fluorobcnzene 

27 9ft 

85 

397 

03 8 

6 18 

82 0 

4 52 

Phosphorus trichloride 

29 to 

1 <> 


87 I 

6 07 

86 0 


Chlorine 


—31 6 

1 iR 

SO 2 


84 0 

4 60 

Benzene 

28 90 

80 

373 

88 8 

6 48 

8s 6 

4 72 

Chloroform 

26 7 (> 

61 

293 

80 4 

6 20 

R? 5 

4 54 

Ethyl iodide 

29 08 

72 

281 * 

So 7 

6 74 

9' 3 

4 35 

Chlorobenzene 

32 fjo 

■32 

V7 

mi 8 

7 05 

00 2 

4 88 

Bromobenzcne 

35 

156 

S<>9 

105 0 

7 5 

94 • 

5 

Naphthalene 


218 

792 

•23' 


95 S 

5 '6 

Iodobenzene 

37 42 

188 S 

659 

112 2 

7 80 

96 8 

5 24 

Ethylene chloride 

32 11 

7 

337 

78 8 

7 50 

97 H 

5 44 

Thiophene 

32 

84 

'V 3 > 

79 0 

7 5 

07 7 

(6 62) 




357* 




5 72 

Phenanthrene 


340 

1410* 

1S8 ! 


<;S 0 

5 7 

p- Dibromobenzeuc 

39 0 

219 

860* 

1 20 

7 9 

98 

6 0 

Ethylene-bromide 


129 

(2791 

85 2 

8 7 

106 

(3 9) 




40S* 




5 5 

Phosphoroustribromide 


17? 


95 5 


108 


Carbon disulfide 

34 5 

40 

220 

60 2 

8 7 

J 09 

6 I 

Bromoform . 


151 

497* 

86 6 


112 

6 6 

Sulfurmonochloride 

42 95 

138 

54d* 

80 5 

9 95 

116 

» 5 

Bromine 

39 

39 

191* 

51 3 

10 5 

136 

7-3 

Iodine 


184 

310* 

6o* 


180 

8 6 

Phosphorus 

51 * 

287 

659 

69 S* 

12 4 

199 

•3 7 


‘Calculated bv the method of van Laar, Loc cit 

1 Extrapolated from data by Lessen and Zander, Ann , 125, 111 (1884), 
1 Extrapolated from data by Schifl, Ibid , 333, 347 (1884) 

1 Extrapolated from data by Billet, Wein. Inst, France, 1855, 292 
* Abegg-Auerbach, Handbuck i anorg Chem , 5, p. 373, 
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arranged in the order of increasing internal pressures. This has been done 
in the preceding table, where, for the sake of simplicity, the numerical 
coefficients of the formulas have been omitted, also the values calculated 
by Formulas 5 and 7, since the other values are sufficient and more re¬ 
liable. Values of y/V' A , Formula 1, have been included, taking the 
values for y from the extensive summary by Harkins, Davis and Clark. 1 
Values of a and V have in general been calculated from data in Landolt u. 
Bornstein Tabellett, except as noted. 

The parallelism between the values in the last 3 columns is quite satis¬ 
factory, as it is only occasionally that a difference of more than one or two 
places is indicated by the different values. In several cases the value of 
a/ V 2 calculated by the method of van Laar corresponds more closely with 
the position according to other methods than does the one obtained from 
critical data, which may be considered as evidence of inaccuracy of the 
latter. It may be remarked that a very decided difference in internal 
pressure is required to produce any considerable deviation from Raoult’s 
law. 

(g) Relative Internal Pressures at —203 D C.—A table similar to 
Table II may be calculated for the difficultly liquefiable gases, since 
data are available for some of the more important ones. Table III gives 
the values obtained for nitrogen, carbon monoxide, argon, and oxygen at 
—203°. 

It was found by the graphic method previously described that the fol¬ 
lowing expression gives the heat of vaporization at constant volume at 
this temperature' 

L — RT = — ugo -f 267V 


Table III. 

Relative Internal Pressure at —203“. 


Substance 

v 

* 

V 1 a -10*.* 


\‘h 

L— RT 

l 

a 

.0. *(;+!«) 

Nitrogen 

10 53 

77 

3 27 

33 35 5 <k» 

3 

28 

24 2 

2 

43 10 2 

Carbon monoxide 

12 84 

83 

28 

33 05 4910 

4 

00 

29 4 

2 

0 2 10 4 

Argon 

13 (>i 

87 

o° A 26 

26 j 4500 

4 

59 

40 7 

3 

90 13 8 

Oxygen 

18 35 

90 

2 27 

25 8 3850 

6 

22 

44 

4 

10 15 5 


It will be noted that, just as in Table II, there is excellent parallelism 
between the values in the last four columns obtained by as many inde¬ 
pendent methods. 

3. Use of the Table of Relative Internal Pressures. 

(a) Solubility Predictions, Solids.— The previous papers have discussed 
the use of the table so far as concerns the substances already in it. The 
1 Harkins, Davis and Clark, This Journal, 39, 541 (1917) 

! Baly and Dounan, Trans Ckrtn. Soc.. 81, 907 (1902) 

5 Cf. values iu Landolt-Bernstein Tabellen 
* Calculated from Baly and Donnan, Loc. cit. 
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consideration, of new substances requires, first, a knowledge of the molecular 
volume. Where the substance exists in the liquid state this is easily 
calculated from the molecular weight and the density. When the sub¬ 
stance is a gas or a solid at ordinary temperatures its volume as a liquid 
must be gotten either by extrapolating from its density in the liquid state 
or by determining its solution volume, preferably in a liquid which would 
dissolve it obeying Raoult’s law. To be very accurate this would, of 
course, involve one or two successive approximations. 

In addition to the molecular volume of the liquid at 20° we must know 
also either (a) the surface tension at 20 °, (b) the boiling point, or (c) the 
value of the van der Waals a. Where the last is not known from determi¬ 
nations of the critical pressure and temperature it may usually be calcu¬ 
lated quite satisfactorily by the method of van Laar explained above. 

As examples let us see how successfully we could have predicted the 
relative solubilities of some of the solids given in the second paper of this 
series, here reproduced in Table IV. 

Table IV 

Solubilities in terms of mol fraction 



£-Dibromo- 

Pbcnan- 

Triphenyl- 

Solvent 

bentcne, 25° 

tluene, 25® 

methane, 20® 

Hexane 

O 086 

O 042 

O 030 

Ether 

0 183 

O 151 


Carbon tetrachloride 

0 193 

0 186 


Benzene 

Chloroform. 

0 217 

0 207 

O 258 

Carbon disulfide 

0 224 

O 255 

O.191 

Calc from Raoult's law 

.. 0 248 

O 22 J 

O 229 


Consider first’the solubilities of p-dibromobenzene. To find the posi¬ 
tion of this substance in the table, and hence the solvents which would 
dissolve it giving solutions obeying Raoult’s law, we must know its molec¬ 
ular volume in the (supercooled) liquid state, the melting point being 
89,3°. Schiff 1 gives an expression for the density of the liquid as follows: 

d‘ = 1.8408 — 0.0009696 (/ — 89.3) — 0.0002023 (t — 89.6)*. 

The decimal point in the last coefficient is evidently a misprint, as it leads 
to absurd results. The coefficient is doubtless either 0.00002023 or 
0.000002023, leading to a density at 20° of 1.916 or 1.909, respectively, 
and a molecular volume of 123 cc. or 124 cc., respectively. Tyrer 1 gives 
the solution volume per gram at 25 0 as 0.513 in carbon disulfide, 0.514 in 
benzene, and 0.506 in chloroform. From these figures we may calculate 
the molecular volumejat 25 0 to be about 121 cc., which would become 
about 116 cc. at 20°. We will select 120 cc. as the mean of these two 
values. The surface tension given in the table is extrapolated from that 
1 Schiff, Ann., 223, 263 (1884). 

* Tyrer, J. Chan. Sac., 97,2620 (1910). 
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measured above its melting point. The value of a has been calculated by 
van Laar’s method, which gives a-io* = (6 X 1.55 4 - 4. X 1.6 + 
2 X 6.9)“ *> 860. Substituting in our formulas we get values in all 3 
cases which agree closely in placing p-dibromobenzene close to and a little 
above carbon disulfide in the table. Its solubility in carbon disulfide 
should therefore be very close to that calculated from Raoult’s law by 
the aid of the melting point and heat of fusion. Its solubility in liquids 
higher up in the table should be progressively less. We see that this is 
the case. 

With phenanthrene we have likewise solution volumes from the mea¬ 
surements of Tyrer, 1 from which we may calculate V = 158 cc. An ex¬ 
pression for the density of the liquid given by Schiff,* 1.06305 — 0.0005 
(i — 100.5), gives a closely agreeing value, 160 cc. Although we do not 
possess measurements of the surface tension, both the boiling point and 
the value of a calculated by van Laar’s method agree in placing phenan¬ 
threne just above p-dibromobenzene, so that a similar decrease in solu¬ 
bility is noted as we go to solvents further up the table. 

Triphenyl-methane has a molecular solution volume in benzene and in 
chloroform, according to Tyrer, of 264 cc. at 25 which we may call 
approximately 260 cc. at 20°. From this, together with the values 7 =* 
44.7, 3 t b = 360, a = 2850 X io~\ (calculated) we calculate the following 
values: 7/V* = 7.1; (5200 + 30 t b )/V K = 64; o/V* X io 6 = 4.6. Although 
these figures do not agree very closely as to the position of liquid triphenyl- 
methane in the table, they indicate that it belongs in the general region of 
carbon tetrachloride, benzene and chloroform. As is to be expected from 
this, we find that its solubility is much greater in chloroform than in carbon 
disulfide or in hexane. 

(b) Solubility Predictions, Liquids.—It requires a great difference in 
internal pressures to cause two nonpolar liquids to become incompletely 
miscible, but the internal pressure of phosphorus is so high that this is 
possible with all of the liquids at the top of the table. Molten phosphorus 
forms two liquid phases with carbon tetrachloride and benzene, while 
with carbon disulfide it is completely miscible at ordinary temperatures. 
(Molten phosphorus can be greatly supercooled.) It is to be expected 
that, except as relative internal pressures may be altered by changing 
temperature, there will be a progressive rise in the critical temperatures 
of mixing of molten phosphorus with another liquid as we ascend the table. 
Data upon this are now being obtained. 

( c ) Solubility of Gases.—It will be noted that the values expressing 
relative internal pressures of the gases given in Table III are not far from 
the values for the liquids at the top of Table II, although Table III is 

1 Tyrer, J. Chem, Soc , 97, 2620 (1910). 

* Schiff, Lor cit. 

• Harkins, Davies and Clark, Ibid. 
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for —203 0 and Table II is for 20 Since the internal pressure decreases 
with the temperature, due to decrease in V, the liquids nitrogen, oxygen, 
etc., could they exist at 20°, would undoubtedly have very low internal 
pressures. Hence the substances in Table III properly belong at the top 
of Table II, and should be much less soluble than corresponds to Raoult’s 
law in all the liquids in Table II, and should, moreover, dissolve most 
readily in those liquids at the top of Table II. That this is true, so far 
as existing data are concerned, is seen by reference to the table of gas 
solubilities given in the first paper of this series 

It is obvious, further, that the solubility of oxygen should be considerably 
greater than that of nitrogen in all the solvents in Table II, not only 
because of its higher boiling point, but also because of its higher internal 
pressure. 

During the war there was some discussion of the possibility of finding 
a good solvent for carbon monoxide. It is here seen that the best sol¬ 
vents for this gas should he the liquids at the top of Table II, but even 
in these it should dissolve to a smaller extent than Raoult’s law would indi¬ 
cate, and on account of its low boiling point Raoult’s law leads us to expect 
at best but low solubility. The only hope of finding a high solubility would 
lie in the direction of negative deviation from Raoult’s law caused by a 
solvent with which it would unite reversibly to form a compound in 
solution. 

(d) Distillation of Liquid Mixtures. -The results obtained in the dis¬ 
tillation of liquid mixtures may be related to the partial vapor pressures 
of the components, and accurately predicted in cases where Raoult’s 
law holds. By adding the possibility of predicting approximately the 
extent of any deviation from this law we are enabled to get a general idea 
of what to expect in any case. 

Suppose, for example, it were a question of the separation of nitrogen 
from argon, Table III would lead us to expect a smaller deviation from 
Raoult’s law with this mixture than occurs with mixtures of nitrogen and 
oxygen, which have been fully investigated.’ 

Again, bromoform and mesitylene, though not differing much in boiling 
point (151 0 and 165°, respectively) should give vapor pressures enough 
greater than Raoult’s law, on account of their very different internal 
pressures, to give a vapor-pressure curve with a maximum, hence a boiling- 
point curve with a minimum, which would prevent their separation by 
fractional distillation. 

( e ) Molecular Weights and “Association.”- -In most determinations of 
molecular weight with nonpolar substances the figures would indicate an 

1 Inglis, Proc. Phys Soc., 20, 640 {1906). Since writing the above the author has 
discovered measurements of the system argon-nitrogen by Holt and Hamburger ( Z. 
physik. Ckem., 91, 513 (1916)) which confirm this prediction. 
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increasing association as the concentration of the solute is increased. 
Investigators have in such cases often used different expressions for con¬ 
centration in order to make the molecular weight appear as nearly constant 
as possible. There has been much discussion as to whether the concen¬ 
tration should be expressed in terms of weight of solute per unit volume or 
per unit weight of solvent, or per unit volume or per unit weight of solu¬ 
tion. The question can be decided in the light of the theory 7 that Raoult’s 
law holds for liquids for equal internal pressure Accordingly, in determin¬ 
ing molecular weights' that soh ent should be chosen which will have ap¬ 
proximately the same internal pressure and polarity as the solute, and the 
concentration should be expressed in terms of mol-fraetion 

We may illustrate by using determinations by Beckman of the nse in 
boiling point of carbon disulfide, using as solutes naphthalene 1 and phos¬ 
phorus. 2 Table V gi\es part of the original data, together with values of 
the mol-fraction of solute A’, and the quotient of this into the rise in boiling 
point, which is the “molecular rise” and can lie calculated from the heat 
of vaporization of the solvent The values of the latter given in the 
literature are as follows 6670, 3 6420/ 63So, 6 6600 “ The mean of 
these is 6520, whence RT* 'L = 30 8 

Table \ 


G CS , 

G solute 

Rise in b p 

U 

Mol fraction, 
solute, N 

M / 5 


49 65 

3 74s 

\ 293 

0 043S 

30 8 
29 5 

calculated 

1 solute 
f naphthalene 

49 < 5 s 

0 719 

2 268 

O 0762 

■6 

00 

54 65 

3 129 

O 980 

O 0339 

28 8 

, solute 

54 

(< S21 

1 Sin 

O 068l 

26 6 

49 75 

9 349 

2 630 

O IO32 

25 4 

1 phosphorus 


It will be noted that the rise in the boiling point with naphthalene 
solutions is but slightly 7 less than that calculated from Raoult’s law, 
whereas with phosphorus it is considerably less for similar concentrations. 
This is exactly what follows from the table of relative internal pressures. 
Naphthalene and carbon disulfide are not very different m internal pressure, 
hence the lowering of vapor pressure or the rise in the hoiling point of 
carbon disulfide when naphthalene is dissolved should be a little less than 
that calculated by tlie aid of Raoult’s law With carbon disulfide and 
phosphorus, however, the difference in internal pressure is much greater, 
hence the lowering of vapor pressure or the rise in boiling point is found to 
be considerably less than Raoult’s law would lead us to expect. 

1 Z pkysik Chem , 6 , 417 ( 1890 ) 

* Ibid , 5, 7fi (1890) 

J Regnault, Mm Acad, 26, 1, 262 (i8b_>> 

4 Wmkelraann, Ann d Phystk, 9, 208, v>8 (iSSoj 

* Wirtz, Ibid , 40, 446 (1890) 

* Andrews, Pogg Ann , 75, 501 (1848) 
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It is therefore desirable, in determining molecular weights, as well as in 
determining the “molecular rise," to select solvents having internal pres¬ 
sures approximating those of the solutes. Thus, in the light of the pre¬ 
vious discussion concerning the solubilities of p-dibromobenzene and 
triphenyl methane, it is evident that the former would give the normal 
figure for molecular weight in benzene more closely than in carbon di¬ 
sulfide, whereas with the latter the reverse would be true. 

Considerations of this sort may prove very important in such questions 
as the distinction between S* and S 8 for the molecular weight of sulfur, 
and in work such as that of Gomberg on the trivalent carbon compounds. 

It may be well to direct attention to an error easily made in this con¬ 
nection. The vapor pressures of_the components of a mixture are related 
by the Duhem equation Nid In pi + Ntd In p t = o, which shows that 
when the vapor pressure of^one component deviates from Raoult’s law 
that of the other will deviate in the same direction. Accordingly, a polar 
solvent, which we may legitimately regard as associated, will give a smaller, 
boiling or freezing point change with a normal solute than Raoult's law 
would indicate, causing a high figure, and apparent association, for the 
molecular weight of the solute. Such a conclusion is, however, quite un¬ 
justifiable, since, if the roles of solvent and solute are reversed, the other 
component would appear to be associated. For example, J. H. Mathews 1 
has concluded that anthracene is associated in solution in fused cinnamic 
add. Since, however, the latter is a far more polar substance, it, and not 
the anthracene, is to be regarded as associated, and hence the cause of the 
deviation from the normal freezing point lowering. 

Similarly, Dolezalek 2 has assumed that the deviation from Raoult’s 
law shown by mixtures of benzene and carbon tetrachloride is caused by 
partial assodation of carbon tetrachloride. There is, however, more 
Teason to regard the benzene as the slightly assodated liquid, so that 
the assumption is hardly justifiable. The theory here advanced would 
rather indicate that the difference in internal pressures is responsible for the 
deviation rather than any difference in polarity. Similar objections apply, 
of course, to the explanation used by the writer to account for abnormal 
behavior of various amalgams. 8 

(J) Deviations from the Mass Law.—-Since it is possible to predict 
when Raoult’s law will hold, it is also possible to predict when the mass 
law will hold for concentrated solutions. The mass law is usually de¬ 
rived for substance in solution by the use of van't Hoff’s law for osmotic 
pressure. This we know to fail at higher concentrations, so that the mass 

‘Mathews, This Journal, 39, 1125 (1917). 

* Dolezalek, Z. pkysik. Chem., 64, 727 (1908). 

•Hildebrand, This Journal, 35, joi (1913); Eastman and Hildebrand, Ibid., 36, 
2020 (1914); 37 i *452 (1915). 
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law derived from it must also be inexact. However, derived from Raoult’s 
law, which teaches us to express active mass or concentration in terms of 
mol-fraction, we can predict that it will hold at all concentrations for sub¬ 
stances having approximately equal internal pressure, and, moreover, 
we can predict the direction of the deviation where this is not the case 
by determining by the aid of differences in internal pressures the relative 
deviations from Raoult’s law. 

(g) Partition Coefficients.—The table enables us to state that in the 
partition of such a substance as iodine between water and carbon disulfide, 
there will be for a given concentration in the water layer more iodine in 
the carbon disulfide than there would be in carbon tetrachloride, in par¬ 
tition between it and water. Illustrations might be multiplied indefinitely. 

( h ) Recrystallization.—In purifying substances by crystallizing from 
hot solution it is desirable to use a solvent in which the substance is not 
very soluble at ordinary temperatures, but in which its solubility increases 
as rapidly as possible with the temperature. It is well, also, to choose a 
solvent in which the impurities which may be present will be as soluble as 
possible at the lower temperatures. When the substance to be purified 
has a low melting point it will be very soluble in liquids having a similar 
internal pressure and polarity, hence it is better to select a solvent dif¬ 
ferent from the solute in one or the other of these factors, so as to produce 
a smaller solubility. This has the additional advantage of giving a larger 
temperature coefficient of solubility, for Raoult’s law is almost invariably 
approached more closely at higher temperatures than at lower. For 
example, a paraffin of melting point below 100° would be most soluble 
(in terms of mol-fraction) in liquids like hexane, silicon tetrachloride and 
mesitylene, and its solubility being already a maximum, so far as the choice 
of solvent is concerned, would not increase so rapidly with temperature 
as would its solubility in a liquid like carbon disulfide, its solutions with 
which would deviate considerably from Raoult’s law on account of the 
difference in internal pressure; or in a liquid like alcohol where the devia¬ 
tion would be due to difference in polarity. Hence, in cooling from say 
50 0 to 20 0 , a greater portion of the paraffin would separate from its solu¬ 
tions in carbon disulfide or alcohol than from a solution in hexane. More¬ 
over, in this case the impurities present would likely be substances of 
higher internal pressure than the paraffin, such as unsaturated bodies, 
which would remain in the mother liquor more readily, if the solvent 
were one of higher internal pressure or polarity. 

Where a substance of high melting point, such as anthracene, is being 
recrystallized, it may be desirable to use a solvent of similar internal 
pressure in order to secure larger solubility than would be possible in a 
liquid of very different internal pressure or of high polarity. 

In future papers it is planned to discuss the absolute magnitude of 
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internal pressure in the hope of making possible the calculation of the 
absolute deviation from Raoult's law. Additional solubility data are to 
be obtained, and the internal pressures of metals are to be examined, so 
as to make possible the treatment of such quantities as the e. m, f. of 
amalgam concentration cells, and freezing-point diagrams. 

Summary. 

Various independent methods for calculating internal pressures of 
liquids are reviewed, and though the values they yield differ considerably! 
they are seen to be closely parallel. Pending a theoretical critique of the 
subject tables of relative internal pressures of relatively nonpolar sub¬ 
stances are given for the sake of their practical value. 

Other substances may be placed with reference to those already given 
by knowing their densities (as pure liquids or in solution), together with 
either surface tension; boiling point; the constant a in the van der Waals 
equation (which may be calculated from critical data or from the atomic 
values given by van Laar); the coefficient of expansion; or this last, to¬ 
gether with the compressibility. 

The use of these values is discussed in connection with predictions 
concerning the solubilities of solids, liquids and gases; the distillation of 
liquid mixtures; molecular weights and “association,” deviations from the 
mass law; partition coefficients; and the choice of solvent in recrystalliza¬ 
tion. 

Bsbrhi.ry, California 


[Joint Contribution from the Chemical Laboratories of the University op 
Arizona and New Hampshire College. I 

THE DETERMINATION OF CERIUM IN THE PRESENCE OF 
OTHER RARE EARTHS BY PRECIPITATION 
AS CERIC IODATE. 

By Paul H. M.-P Brinton and C James 

Received May 2, 1919 

Cerous iodate and the iodates of the other rare earth elements are solu¬ 
ble in the presence of nitric acid, although very difficultly soluble in water. 
Scandium iodate is soluble in nitric acid, but less easily so than the rare 
earth iodates. Thorium, zirconium, and ceric iodates are almost insolu¬ 
ble in nitric acid provided a considerable excess of iodate ion be present. 

Meyer and Speter 1 have developed a method for the separation of 
thorium from the rare earth compounds by precipitation as thorium 
iodate, from a solution strongly add with nitric add. It is evident that 
for the success of this method for thorium any cerium present must be id 
the trivalent form. 

1 CJtm. Ztg ., 34,306 (1910). 



CERIC IODATE. 


1081 

This paper presents the results of an attempt to apply the iodate pre¬ 
cipitation to the determination of cerium, and to its separation from the 
other members of the rare earth group The hope of success was based 
on the fact that cerium alone of all the rare earth elements is oxidized 
to a higher valence by potassium bromate in nitnc acid solution 
A solution of cerous nitrate was prepared from material of established 
purity, which in concentrated state showed no absorption bands when 
examined by the spectroscope 

A solution of neodymium nitrate was prepared from material of the 
highest purity This solution gave no test for cerium when tested with 
ammonium hydroxide and hydrogen peroxide—an extremely delicate 
reaction 

A solution of yttrium earth nitrates was prepared from material consis¬ 
ting mainly of yttna, with small amounts of holmia, erbia, and dysprosia 
The absence of eien traces of cerium compounds m this solution was 
prov ed as in the case of the neodymium solution 
These solutions were standardized by precipitation with oxalic acid, 
and ignition of oxide to constant weight The concordance obtained in 
the standardization of the cerous nitrate solutions by 3 portions was within 
two parts per thousand 

Potassium iodate was used in the form of an acid solution containing 
100 g of iodate and 3 33 cc of cone nitric acid per liter In some instances 
the salt was dissolved m the smallest possible amount of dil nitric acid, 
and added in this w a) to pres ent undue increase of v olume 

The washing solution contained 8 g of potassium iodate, and 50 cc. 
of cone nitric aud per liter 

Potassium bromate was usually added 111 solid form 
Preliminary experiments indicated that a considerable excess of iodate 
was necessary to make the precipitation entirelv quantitative, and this 
accords with the experience of Meyer and Speter with thorium By 
using about 10 times the theoretical amount of potassium iodate, and main¬ 
taining a rather small \olume— 1 3 of which was nitric acid—and then 
adding a little solid potassium bromate, the precipitation of ceric iodate 
was so complete that the filtrate gave no reaction for cerium by delicate 
qualitative tests 

The precipitated cenc iodate was first ignited directly, but it was evident 
that complete conversion to oxide vs as not to be obtained in this way, 
as considerable quantities of iodide resulted Solution of the cenc iodate 
m hydrochlone acid, with the addition of a little sulfurous acid, and sub¬ 
sequent precipitation as oxalate was found to be feasible, but owing to 
the presence of mineral acid, which delays and renders less complete the 
oxalate precipitation, this method was not so successful as the direct 
treatment of the iodate precipitate with boiling oxalic acid solution By this 
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direct treatment the precipitate is dissolved, the ceric iodate is reduced, 
the liberated iodise is expelled, and the cerium is quantitatively precipi¬ 
tated as cerous oxalate. 

To test quantitatively the completeness of the precipitation as iodate. 
and the suitability of the method of direct conversion to oxalate, two sam¬ 
ples of the standard cerous nitrate solution were treated with 40 cc. of 
the precipitating solution. This represented 10 times the theoretical 
amount of iodate. About 0.5 g. of solid potassium bromate was added 
to the dear solution, and the resulting precipitate of ceric iodate was floc¬ 
culated by gently warming. After standing until fully cold and well 
settled, the predpitate was filtered on a paper of dose texture, and washed 
with the washing solution already mentioned. The predpitate, together 
with' the filter paper, was transferred to the original beaker, 5 g. of oxalic 
add and 25 cc. of water were added, and the mixture heated until the paper 
was well pulped, and all liberated iodine was expelled. 50 cc. of water 
was added, and after several hours the cerous oxalate was filtered, and ig¬ 
nited to oxide in the regular way, using a platinum crucible over the blast 
lamp to insure absence of moisture and carbon dioxide in the material 
to be weighed. The results were ideal, as the following figures, expressed 
for convenience in grams of Ce 0 2 , will show: 

CcCV Taken, o 0721. Found: o 07 1, o 0721 

The possibility of compensating errors naturally presents itself, and it 
was regarded as not impossible that a slight solubility of ceric iodate might 
be compensated by occlusion of potassium salt with the cerous oxalate. 
The ignited oxides were combined, and repeatedly extracted with boiling 
water. The residue obtained by evaporating the solution and gently 
igniting, weighed o. 0003 g, showing that the amount of potassium salt 
occluded certainly did not exceed 0.00015 S- * n each determination. 
Qualitative tests of the filtrates with comparative color blanks, prepared 
by taking 0.0002 g. of ceric oxide with ammonium hydroxide and hydrogen 
peroxide, showed that any cerium present was certainly less than the 
equivalent of 0.0002 g. of ceric oxide. Thus, if any compensation exists 
the amounts involved are minute. 

The separation of cerium from neodymium was next attempted. By 
a single precipitation it was found impossible to get a complete separa¬ 
tion of cerium and neodymium, and the amounts of cerium found were 
decidedly too high. By redissolving the ceric iodate, suspended in boil¬ 
ing water, by the gradual addition of nitric add, as was done with thorium 
by Meyer and Speter, 1 and then repredpitating by the addition of more 
po t ass i u m bromate and a very large excess of potassium iodate, the co- 
predpitated neodymium compound can be entirely eliminated. A series 
1 Loc. cii. 
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of determinations in the presence of neodymium by the suggested method— 
working details will be given later—gave promising results. 

Found. 

NdiO* present CeOt taken. --*-, 

0.0475 0.0721 0.0716 0.0721 0.0723 

O.I426 0.0721 O.07O4 O.O7I3 

0.2852 0.0721 O.O7O8 0,0689* 

The results in the presence of the smaller amount of neodymium were 
satisfactory. With higher percentages of neodymium the results were 
too low. This was instructive, for in the last 4 determinations of this 
series it was feared that the results would be too high, and therefore the 
washing was somewhat extravagantly carried out, and more nitric acid 
was used in redissolving the first precipitate than was absolutely neces¬ 
sary. The figure marked with an asterisk may have been the result of 
some manipulative accident, but since none was definitely noted the re¬ 
sult is included for the sake of unbiased completeness. 

It is evident that the solubility of the ceric iodate is increased by the 
presence of an unduly large excess of nitric acid, and is decreased by a 
large excess of iodate ion; so in subsequent experiments the nitric acid 
was added cautiously until the precipitate just dissolved, and then T5 
times the theoretical amount of potassium iodate was added. The wash¬ 
ing of the iodate precipitate is best carried out by bringing the precipi¬ 
tate on to the filter paper, allowing it to drain, then rinsing it back into the 
beaker with the washing solution, and again bringing it upon the filter. 
The ceric iodate is voluminous, and packs tightly upon the paper. The 
decantation method of washing is less advisable because if requires a larger 
volume of wash liquid, in which the precipitate is not absolutely insoluble. 

The detailed method as finally adopted may now be given, and then a 
table of results, together with a discussion of special cases. 

To the solution containing the rare earth nitrates (any thorium having 
been previously removed), is added enough cone, nitric acid so that 
the latter shall make up '/» of the solution. The total solution at this 
point should not greatly exceed 75 cc. It is also better that the amount 
of ceria present should not exceed about 0.15 g., since the precipitate 
is bulky, and the washing is rendered more difficult by the very large pre¬ 
cipitate. About 0,5 g., very roughly estimated, of solid potassium bro- 
mate is added, and when it has dissolved, an amount of potassium iodate 
which is 10 to 15 times that theoretically required for the estimated ceria 
present is added in form of the nitric acid solution already given. This 
reagent is to be slowly added with constant stirring. The precipitate of 
ceric iodate is allowed to settle in the cold until the supernatant liquid is 
practically dear, and it is then filtered on a paper of close texture, such 
as Whatman No. 42. The precipitate is brought upon the paper pretty 
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completely, and the beaker rinsed just once with a small amount of the 
washing solution already described. After draining, but not standing 
longer than is necessary, the precipitate is carefully rinsed from the paper 
back into the beaker with more of the washing solution. Any clots should 
be broken up with a stirring rod, and the mixture- well churned. The 
precipitate is again brought on the same filter m the same way, and al¬ 
lowed to drain. It is then rinsed back into the beaker witjj hot water, 
heated to boiling, with constant stirring, and cone, nitrio^fcid is dropped 
in until the precipitate is completely dissolved. Any unnecessary excess 
of nitric acid is to be avoided. For about o 1 g. of ceric oxide from 20 to 
25 cc. of acid will usually be required. To this solution about 0.25 g. 
of potassium bromate is added, and about the same amount of potas¬ 
sium iodate as was used in the first precipitation. This may be used in 
the form of the regular precipitating reagent, unless the use of this solu¬ 
tion would make the volume unduly large, in which case the solid potas¬ 
sium iodate can be dissolved by heating in a small volume of l : 2 nitric 
add, and thus added. The precipitate is allowed to settle as before, and 
the perfectly cold mixture is then filtered through the original paper, 
given one very small washing with the nitric acid-iodate washing solution, 
rinsed back into the beaker once more, well churned, and finally brought 
on to the paper and washed with 3 small portions of the washing solution. 
Every trace of the ceric iodate need not be removed from the beaker. 
The paper with the preripitate is now lifted from the funnel and dropped 
into the original beaker, taking care to remove any trace of ceric iodate 
adhering to the glass funnel, either with the upper edge of the filter paper 
or with a small fragment of another “ashless” filter paper. About 5-8 g. 
of oxalic acid crystals are now added, and then 50 cc. of water. The 
covered beaker is heated gently, and its contents are finally boiled until 
iodine vapors are no longer given off, and all sublimed iodine is vaporized 
from the cover glass and from the upper edges of the beaker, tte cover 
glass and sides of the beaker are rinsed down with water, and after having 
stood for several hours the cerous oxalate, mixed with the pulp of the first 
paper, is filtered, washed with cold water, and ignited in a platinum cruci¬ 
ble over the blast lamp. The weight of ceric oxide is obtained by de¬ 
ducting the weight of the two paper ashes. 

In the following table are given the results of determinations carried 
out in the manner just outlined. Any slight deviations from the directions, 
and interpretations of the effects of these deviations, will be noted latter. 

In Nos. 1 and 2 the results are somewhat low, and this was attributed 
to an attempt to economize by using only 4 to 5 times the theoretical 
amount of potassium iodate, and working in a volume of nearly 200 cc. 

In Nos. 15 to 18 the precipitates were rinsed off the paper with hot water, 
and allowed to stand overnight before attempting to dissolve in nitric 
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Add. It iraS found -impossible to dissolve completely any but No, 17 
the next morning, and in all the others a certain amount of the precipi¬ 
tate remained as a sediment. The experiments -were repeated in Ntw. 
19 to 22, trader exactly the same conditions, but taking care to dissolve 
completely the ceric iodate precipitate by the prompt application of nitric 
add. The results show that it is necessary to dissolve completely the first 
precipitate of ceric iodate to free it from admixed rare earth iodatea. 



N«bO* 

Y« 0 », etc. 

CeOi 

L' fO] 


present 

present. 
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N 6 

G 
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0 2853 


0.3605 

0 3577 
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0 28^2 


0 3605 

0 3575 
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0 0721 
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O 0721 

0 0717 
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0 0721 

8 

0 1426 


O 0721 
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9 
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0 05 
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12 

0 047s 

0 05 
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*3 

0 1426 

O 10 

O 0721 

0 0722 

l 4 

0 142 b 

D IO 

0 0721 

0 07*3 

15 

0 <H 75 

O IO 

0 1442 

0 1459 

<6 

<* 0475 

O IO 

O 1442 

0 1460 

>7 

0 1426 

O 20 

O 1442 

0 1449 

18 

0 1426 

O 20 

O 1442 

0 1468 

19 

0 0475 

O IO 

0 1442 

0 1453 

20 

0 0475 

O IO 

0 1442 

0 1+49 

21 

0 142b 

O 20 

0 I 44 > 

0 1437 

22 

0 1426 

O 20 

0 1442 

0 1444 

l 

0 0950 

O 05 

0 1442 

0 1444 

The Citrates from the iodate predpitations will usually show a faint 


suggestion of opalescence after standing a few days The amount of 
ceric oxide represented m this is negligible, as the cenc iodate precipitate 
is voluminous, and even if pure ceric iodate it would contain only about 
Vs of its weight of cenc oxide. 

Summary. 

A method for the determination of cerium by oxidation with potassium 
bromate, and predpitation with potassium iodate, followed by direct 
conversion of the ceric iodate to cerous oxalate has been developed. 

This method has been found accurate for determining cerium in the 
presence of even large amounts of rare earth salts 

Tcenou, Ann 
Ditkiah, N H 
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THE ACTIVITIES OF THE IONS OF STRONG ELECTROLYTES. 

By Duncan A. MacInmbs. 

Rewired May 6 , 1919 . 

, , jt. The Conductances and Mobilities of the Separate Iona. 

Lewis,* in his paper on “The Activities of loss and the Degree of Dis¬ 
sociation of Strong Electrolytes 1 ' concludes that hydrochloric add and 
the alkali chlorides have the same degree of dissociation at like concen¬ 
trations. The evidence is based on the following relation: 

71/72 = Ai»i/Aj»i (i) 

This expression was derived by R. C. Tolman with the aid of the assump¬ 
tion that the chloride ion has, at any given concentration, the same mo¬ 
bility in solutions of the chlorides of the univalent elements. In this ex¬ 
pression Ai, At, yi, Ti, «i, «t, denote, respectively, the equivalent conduc¬ 
tances, the degrees of dissodation of the two different chlorides, and 
the transference numbers of the chloride ion in the two solutions. Table 
I contains data for o.i N solutions, at 18°, taken from Lewis’ article. 1 
have prepared Table II for 0.01 N solutions, also at 18 0 , from data given 
in Noyes and Falk’s 1 compilations. In the sixth column of both tables 
the product A»ci f° r the several chlorides is divided by the correspond¬ 
ing product for potassium chloride. As this ratio is equal to 1.000 within 
0.5%, Lewis concludes that the ionization values are also equal within 
this limit, although the conductivity ratios, A/A 0 (given in Col. 3) vary 
widely, that of hydrochloric add being about 7% higher than the mean 
value for the other chlorides. However, in this artide mentioned, and in 

Tabus I. 

Data for o 1 N Solutions of Chlorides. 


A o i- A o iMo *ci “ct^o 01 ’»a A /(’ , ci A >xci 

HCi. 35i 4 o.995 o 1613 56 7 0.996 

KC 1 . 112 o o 862 o 508 56.9 1.000 

STaCl. 92 o *0.844 0 617 56.8 o 998 

IiQ. 82 3 0.833 o 68j 56 4 0.99a 

CsCl. 113 4 o 830 o 500 56 7 0.996 


Tabus II. 

Data for o 01 N Solutions of Chlorides. 

A ooi A o oi/ A o. "cl *ci a o.oi. b ci a /( ,, ci a 1kci 

HCI. 369 3 o 972 o 167 61 67 j ,004 

KCJ- 122 4 0.942 0.502 61.44 1,080 

Nad.tor.98 0.936 0.603 At.44 1.000 

Ltd.. 91 97 o.93t o 668 61 43 0.9998 


1 T*» Journal, 34,1640 (1912). 

* mi., 33 , i486 (* 9 **) rod 34 .434 (t 9 »). 
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a later paper, 1 Lewis decides that the "corrected degree of dissociation” 
of hydrochloric add is higher than that of potassium chloride; at o. 1 N, 
for instance, the values given are 81.6 and 78.0, respectively. These 
“corrected degrees of dissodation” will be discussed in Section 2 of this 
paper. 

The small variation in the values in the last two columns of the two 
tables shows that the equivalent conductance A« C i of the chloride-ion- 
constituent is, at any given concentration up to o. 1 N, substantially the 
same, whether the other ion-constituent assodated with it is hydrogen 
ion or any of the alkali element ions. This fact makes it very probable 
that the two factors which determine the equivalent conductance of the 
chloride-fcm-constituent—-namely, the degree of ionization y of the chloride 
and the equivalent conductance, or mobility, of the chloride ion itself,— 
must ljave the same value in the case of the several univalent chlorides 
at any given concentration, at any rate up to o 1 N, for otherwise we 
would have to assume that any variation in the value of one of these fac¬ 
tors is just balanced by an equal variation of the other factor in the 
opposite direction. This constancy of the equivalent conductance of 
the chloride-ion-constituent at any given concentration does not, how¬ 
ever, show whether the decrease of it with increasing concentration is 
due to decrease in the ionization of the chloride, or to decrease in the 
mobility of the chloride ion, or to simultaneous variation in both these 
factors Now, since it is very possible, as already shown, that the ioniza¬ 
tion is the same in the different chloride solutions, at any given concen¬ 
tration, it is almost certain that the divergence of the conductance ratio 
A/A c of hydrochloric acid from that of the other chlorides, and the cor¬ 
responding divergence in the change of the equivalent conductance of 
the hydrogen-ion-constituent with the concentration from that of the 
other constituents, are really due to a considerable change with the con¬ 
centration of the equivalent conductance or mobility of the hydrogen 
ion itself. And, also, since differences in the variation of the mobilities 
of the ions are thus demonstrated, it is very probable that actual varia¬ 
tions of larger magnitude than these differences occur, with increasing 
concentrations, in the mobilities of all the ions. 

a. The Activities of the Separate Ions. 

The preceding considerations, which are based on the kinetic phenom¬ 
enon of conductance, cannot, from their very nature, lead directly to a 
determination of the "activity" or “effective concentration” of ions, 
that is, to a determination of the concentrations which must be assigned 
to the ions in order that their actual mass action and other thermodynamic 
effects may be expressed by the familiar laws of perfect solutes. The 
1 Tam JonaxAi, 39, 2238 (1917) 
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coaduskms reached in the preceding paragraphs do, however, reach ta-* 
crease the probability of a simple hypothesis which .greatly assists in de¬ 
termining the probable values of the activities of the separate ions. 
Namely, the fact demonstrated above that the equivalent conductance 
of the chloride-ion-constituent at a given concentration is independent 
of the cation constituent, and the strong presumption that the concentra¬ 
tion and mobility of the chloride ion is the same at any given concentra¬ 
tion in the solutions of univalent chlorides, raises the further presump¬ 
tion that the activity of the choride ion, at any given concentration, is also 
independent of the cation associated with it. 

This hypothesis differs from that employed, up to the present time, in 
computing activities. It has been commonly assumed that the cation and 
anion of the substance have equal activities in the same solution, even in 
the case of hydrogen ion and chloride ion in hydrochloric add. 

It is the purpose of this section of the article to show how the activities 
of hydrogen ion can be obtained from existing electromotive force data, 
with the aid of this hypothesis, and with the further assumption that the 
usual hypothesis is valid in the case of potassium chloride; that is, that its 
two ions, which have nearly the same weight and mobility, have the same 
activity in a solution of the salt. 

We will consider cells of the types A and B, i. e., cells without and with 
liquid junction- 

Ag + AgCl, KC 1 (CO, KHg„ KC 1 (CO, AgCl + Ag. (A) 

Ag + AgCl, HC 1 (Ci), H, (i atm.), HC 1 (CO, AgCl + Ag, 

Ag + AgCl, KC 1 (C,), KC 1 (CO, AgCl + Ag, (B) 

Ag + AgCl, HC 1 (CO, HC 1 (CO, AgCl + Ag. 

The electromotive forces E A and E B of cells of these two types are given 
by the following expressions, 1 in which a -, + , ai~, o» + and <h~ denote, re¬ 
spectively, the activities of the positive and negative ions at the two con¬ 
centrations Ci and Cj, and n is the transference number of the cation: 



ai + ai~ 

oi+a,- 


and E b 



aCar 

Ot + Ot“' 


From the electromotive force measurements available for potassium 
chloride cells of either of these types, by putting oi + “ ai“ and Oj + «* at~, 
we can find the ratio ar/at~ for chloride ion at concentrations Ci andCj. 
Then from the electromotive force data for hydrochloric add cells, con¬ 
taining add at the same concentrations Ci and Ci, we can find, by substi¬ 
tuting this value of a x ~/ai~ in the appropriate equation, the value of 
ai + /at* lor hydrogen ion. 

Table III, which is self-explanatory, contains the available data and 
* Lewis, Proc. Am. Arad., 43,139 (1907) sad M a c l nnw and Pwker, Tins Jowou,, 

»r, 144s (mu)- 
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the malts of the computations just decribed. The electromotive forces 
in the lines marked J are the measurements of Jabn; 1 in the lines indi¬ 
cated by N. and £. the potentials were interpolated from the work of 
Noyes and Ellis, 1 by plotting, on a large scale, the logarithms of the ob- 


Tabuc in. 

Tranafer- Activity ratio*. 

Concentrations. tact naro- «/*• for 


Sob- 

cl 



‘-s B. M.F. ber of 

-< 




c*n. 

Ttap . 

C, 

Ct . of celt cation. 

a—. 

H+. 


HQ. .. 

.. B 

18® 

0.006686 0.00166s —0 05614 0 833 



J. 






3.82 

3 84 


KC1.... 

.. B 


0.006700 0.001670 —0.03330 0.495 



J- 

HO ... 

.. B 

i8° 

0 008313 0 00166s —0 06487 0 833 



J 






4.70 

4 74 


KC1.... 

.. B 


0 008329 

0 001670 —0.03844 0 495 



J. 

HC1.... 

. . B 

18“ 

0 01663 

0 001665 —0.09235 0 833 



J 






8.86 

9 38 


KC1... 

. B 


0.01670 

0 001674 —0.05434 0 496 



J 

HO.... 

.. B 

18® 

0-03330 

0.003329 —0.09162 0 833 



J 






8 76 

9 14 


KC1 .... 

.. B 


0 03347 

0 003347 —0.05403 0.496 



J- 

HC1 .... 

.. A 

* 5 * 

0.05 

0.005 —0.11234 ... 



N. and E. 






8.64 

9.16 


KCI... 

.. A 


0.05 

0.003 v.,-O.IIO85 



M. and P. 

HO... 

.. A 

23 ® 

0.1 

0.01 —0.1116 



N. and B. 

HC1 .... 

. . A 


0.1 

0.01 —0.1117 



L. B. S. 






8-33 

9 23 


KCI.... 

.. A 

23® 

0.1 

0.01 —0.1089 



M. and P. 

Ka... 

...B 


0.1 

0.01 —0.0340 0.495 



M. end P. 


served electromotive forces against the logarithms of the corresponding 
concentrations. L- B. S. refers to the work of Lewis, Brighton and 
Sebastian, 1 and M. and P. to that of Maclnnes and Parker. 4 

In Table IV the activities of the H + and Cl - ions (Columns 2 and 3) 
art given at the hydrochloric add concentrations shown in Col. 1. For 
the lowest concentration (0.00166 N) the activities of the two ions are 
assumed to be the same and equal to yC, in which 7 is the conductance 
ratio, at this concentration, for potassium chloride. For the activities at 
3 of the higher concentrations this figure has been multiplied by the ap¬ 
propriate ratios from Table III. The values corresponding to 0.0033, 
0.005 0.01 N were next obtained by plotting the logarithms of the 

1 Z. physik. Chan.. 33, 343 (1900). 

* This Journal, 39, >332 (1917). 

9* **43 (i«J7). 

• Wi, 37,1443 (191s). 
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Tabu* TV. 

Activitia. Activity eoeficiwU. 


Concentrations 

K+ or Cl— 

H+. 

K+ or Cl". 

H+. 

OOOI665 

(0 001627) 

(0.001627) 

O 976 

O.976 

O OO3330 

0.003140 

O 003205 

0 935 

0 . 97 * 

0.00500 

0.004588 

O 004750 

0.918 

0-949 

0.00666 

0.006215 

0.006247 

(0.932) 

0 937 

0 OlOO 

0 008785 

0 009257 

0 878 

0 925 

0.01666 

0 01441 

0.01526 

O 864 

0 91 5 

0 03333 

0.02750 

0.02945 

0 825 

0.883 

00500 

0 0396 

O O434 

0 792 

0.869 

0. IOO 

0.0732 

0.0854 

0 732 

0.854 


activities obtained as described above against the logarithms of the corre¬ 
sponding concentrations, the result being very nearly a straight^Jine. 
These numbers were in turn multiplied by ratios from Table III for the 
activities at still higher concentrations. Cols. 4 and 5 of Table IV con 
tain the activity coefficients, i. e., the activities divided by the corre¬ 
sponding concentrations. The activity coefficients are based on the same 
considerations as Lewis’ “corrected degrees of dissociations” for salts whose 
ions have the same activity at any concentration. If the ion activities 
of a substance are different the “corrected degree of dissociation" is the 
mean of the activity coefficients. ^ 

Since the activity coefficients in Table IV are obtained in part by inter¬ 
polation and from electromotive force data at two different temperatures, 
the values given can hardly be final ones. More experimental work is 
needed in this field. In regard to the temperature, however, the effect 
on the activity ratios cannot be large since Ellis' has found that activity 
coefficients calculated from freezing-point measurements agree closely 
with those obtained from electromotive force data at 25 °. 

3. The Normal Hydrogen versus The Normal Calomel Electrode. 

Lewis, Brighton and Sebastian* have calculated the potential of 
(hypothetical) molal solution, with respect to hydrogen ion, against the 
normal calomel electrode. This calculation is repeated below, using the 
activity coefficients of Table IV instead of the “corrected degrees of dis¬ 
sociations” of these authors. 

The potential in question, represented by the expression, 8 
H 2 , H+ (M) il KC 1 (M), HgCl + Hg 
is the sum of the electromotive forces of the cells: 

Hs, HQ (o. 1 M), HgCl + Hg; E = 0.3989 (C) 

1 Tins Journal, 38, 761 (1916). 

’ Loc. tit. 

* As in Lewis’ papers, the symbol 11 indicates that correction has been made for 
the liquid junction. 
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Hg + HgCl, HC 1 (0.1 M) || KC 1 (o. r M), 

HgCl + Hg; £ = 0.0 (D) 

Hg + HgCl, KC 1 (o. 1 M), KC 1 (M), HgCl + Hg E = —0.0529 (E) 

H* H+ (M) || HC 1 (o. 1 M), Hj; £ = -^.0631 (F) 

Of these (C) is the mean of the closely agreeing results of several ob¬ 
servers; (D) is zero, since, according to the viewpoint of this article, the 
chloride ion has the same activity in both solutions; (E) is a direct measure¬ 
ment of Lewis and Randall; and (F) has been calculated by the usual 
logarithmic formula using 0.854 from Table IV as the activity coefficient 
of hydrogen ion in 0.1 M hydrochloric acid. Performing the addition, 
we obtain 

H,, H+ (M) || KC 1 (. M ), HgCl + Hg, E = 0.2829. 

Lewis and his collaborators found practically the same value (0.2828) 
for this constant. 

Following, once more, the method of these authors, this constant can 
also be calculated by starting from measurements on 0.01 M hydrochloric 
acid. In this case the potential desired is the sum of the electromotive 
forces: 

H,. HC 1 (0.01 M), HgCl + Hg, E = 0.5105 (G) 

Hg + HgCl, HC 1 (.or M) || KC 1 (0.01 A/), 

HgCl -f Hg E = 0.0 (H) 

Hg + HgCl, KC 1 (0.01 M) || KC 1 (0.1 M), 

HgCl + Hg, E = —o 0545 (II 

Hj, II + (M) || IICl (0.01 M), II, £ = —o. 1203 (J) 

Adding these potentials, together with (E), we obtain 
H,. H + (M) || KC 1 (Af), HgCl + Hg, £ = 0.2828 

agreeing exactly with the above workers. Potential (G) is from the 

article quoted; (H) is based on the same assumption as (D); and (I)’and 

(J) were found by using activity coefficients from Table IV. Although, 
in this case, the same result is obtained as that found with the usual 
assumptions as to activities, some of the potentials making up the totals 
have quite different values. For instance, the article quoted gives 0.0012 
for (D), the potential arising from the supposed difference in the activi¬ 
ties of the chloride ions in the two solutions. 

An example of the difference between the proposed system and the usual 
assumptions appears in the computation of the liquid junction 

HCl (Ci), HC 1 (C,). 

If the concentrations are, for instance, 0.01665 a nd 0.001665 N, the 
assumption of equal activities of the two ions leads to —0.03694 for the 
potential at this point of contact, 1 whereas the activity values given in 
1 This Jootnm,, 37, 2303 (1915). 
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Table IV yield —0.03767. The latter figure also gives the same potential 
(0.05468) for the systems: 

Ag + AgCl, HC 1 (0.01665) || HC 1 (0.001665), AgCl + Ag 

and 

Ag + AgCl, KC 1 (0.01665) || KC 1 (o 001665), AgCl + Ag 
as would be expected if hydrochloric add and potassium chloride are 
equally dissociated, since all the electrodes are reversible to the chloride 
ion. These computations will be discussed further in a forthcoming 
artide. 

I am indebted to Prof. A. A. Noyes for valuable criticism in the prepara¬ 
tion of this paper. 

4. Summary. 

Since the product of the transference number of the chloride ion and the 
equivalent conductance wA is a constant, at a given concentration and 
temperature, for the chlorides of the alkali metals and of hydrogen, it 
has been assumed that the "activity” of the chloride ion in these solu¬ 
tions is also independent of the nature of the (univalent) positive ion. On * 
this basis the activity coefficients of both ions of hydrochloric add have 
been calculated for a series of concentrations, and the potential of the 
normal hydrogen electrode against the normal calomel electrode has been 
computed. 

CAMDBITX3S, Mass 


NOTE. 

Corrections.-— In the paper entitled “Notes on Neutral Salt Catalysis” 
(This Journal, 40, 1461 (1918)). On p. 1463, Equation 2 should read 
HiO, + 10 ' = H ,0 + I' + 0 8 , instead of H s O> + 10 ' = H ,0 + 10 ',; 
on p. 1477, in the middle of the page, for £) + E, read E, — £); in the 
last line, for E, + £, read E, — £); on p. 1478, in Table VII, all num¬ 
bers in the column headed Ei should be positive instead of negative; 
the column headed E t 4 - £j should read E, — £,; and on p. 1479, in 

Table VIII, under the column headed ^— 1 ° -, read 14 14 for 13.14. 

Herbert S. Harned 


Johm Harrison Laboratory, 
University of Pbnnrylvanm, 
PHXLADKLraiA. 
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STUDIES IN THE CYCLOPROPANE SERIES. V. 

By E. P. Kohler and L . L . Steele. 

Received March 12. 1919 

All the cyclopropane derivatives described in the earlier papers had two 
carboxyl groups in combination with one of the carbon atoms of the ring. 
In order to determine to what extent the peculiar properties of those 
substances are due to this fact we have studied derivatives which differ 
from them only in having hydrogen in place of one of the carboxyl groups. 
The relation between the two types is shown by the formulas 
CJLCH — CHCOCsHi CJLCH — CHCOCcH, 

\/ \/ 

C(CO>CHi)i CHCOjH 

(1). (II). 

The preparation of cyclopropane derivatives of the general type repre¬ 
sented by Formula II proved exceedingly difficult; but was finally accom¬ 
plished by an adaptation of the pyrazoline method used by Buchner for 
preparing cyclopropane acids. Under suitable conditions, o,/S-unsatu- 
rated ketones combine with ethyl diazo-acetate to form pyrazoline de¬ 
rivatives : 

CJHtCH • CHCOC s H l + N s CH,CO,C,H ( = C.H.CH — CH — COC.H. 

i i 

CytbC^CC^ yNH 


These ketonic pyrazolines decompose when heated but unlike the corre¬ 
sponding esters give, almost exclusively, pyrene derivatives: 

C«H*CH-CHCOC«Hi CUH.C — CH = C — COC,H s 

m. ! ! —> !' ! 


CiHiOiC C^ yNH 


CH —CO —O + CO, + N, -f CdLOH 


A small quantity of cyclopropane derivative is, however, formed in 
accordance with the equation 

CJLCH-CHCOCUHt C,H,CH — CHCOCJb 

! ! \/ +n, 

QH»0,C C - N — NH CHCOjCiH, 

The yield of cyclopropane ester is less than i% but we found that l>y 
heating the pyrazoline in contact with polished platinum it was possible 
to speed up the second reaction at the expense of the first and thus increase 
the yield to more than 40%. The pyrone derivatives, which always con¬ 
stitute the main product, are not due to a decomposition of the cyclo¬ 
propane compounds at high temperatures because these are far more 
stable than the corresponding substances of Type I, and can be heated 
without change to temperatures more than ioo° above those used for 
decomposing the pyrazolines. 
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We have studied the behavior of our substances with all the reagents 
that give characteristic results with the cyclopropane derivatives of Type 
I: oxidizing agents, reducing agents, halogen adds, halogens, phosphorus 
pentachloride and alcoholates. Toward oxidizing agents they present 
the same contrast with ethylenie compounds that was noted in the earlier 
work, being quite unaffected by permanganate but readily reduced by 
zinc and acetic add. Reduction results in addition of hydrogen to the 
ring carbon atoms, (i) and (3), and the product is a saturated 5 -ketonic 
ester. 

CJH.CH — CHCOCsHt 

\ / + H» - C,H t COCH,CH(CtH*)CH,COiC»Hi. 

CHCOjCH) 

Both the acids and their esters combine with halogen adds at least as 
readily as do o,/3-iinsatiirated ketones, the ring opening between carbon 
atoms {2) and (3). 

CJH.CH — CHCOCtHt 

\ / + HC1 «= C,H 1 CHQCH(COjCHi)CH,COC,H 5 

CHCOiCHi 

The resulting chloro ester loses hydrogen chloride to potassium acetate 
with the greatest ease, and it is noteworthy that while it is a 0-chloro 
ester as well as a y-chloro ketone, not a trace of unsaturated ester is formed 
in the process, the sole product being the cyclopropane derivative. The 
corresponding chloro acid, however, behaves toward sodium carbonate 
like a typical 0-halogen acid, giving 0-benzal propiophenone. 1 
C,H 6 CHClCH(C 0 2 Na)CII : C 0 C,H 6 = CJbCH = CHCHjCoGsID + HC 1 . 

The reactions with halogen acids and reducing agents in which the ring 
is opened in different positions constitute the real proof that these sub¬ 
stances are cyclopropane derivatives and not isomeric unsaturated 5 - 
ketonic adds. 

Dehydrating agents like acetic acid and acetic anhydride by them¬ 
selves do not have any effect on the cyclopropane derivatives but in their 
presence hydrogen bromide rapidly transforms the cyclopropane acids 
into unsaturated lactones. 

CtHtCH — CHCOQHj CJbCHHrCH — CH,COC.H, 

\ / + HBr j —► 

CHCOoH COjH 

C,H,CH - C — CH - C — C*H» 

I | + HBr + HiO. 

CO-O 

Thionyl chloride and phosphorus pentachloride convert the cyclopro¬ 
pane acid into its chloride without attacking the ring. The add chlo¬ 

ride cannot, however, be used for the preparation of ketones by the Friedel 
1 Wieknd, Bcr ., 40, 4830 (1907). 
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and Crafts reaction because when it is treated with benzene and aluminum 
chloride it immediately passes into the unsaturated lactone. This is 
probably merely another illustration of the action of the halogen acids 
in the presence of dehydrating agents. 

A comparison of 3 closely related types of cyclopropane derivatives 
shows some significant differences. 

00 (3) 

CiH.CH — CHCOjH CiH t CH — CHCOC.H, CJhCH — CHCOC.H, 

\/ \/ \/ 

( 1 ) CHCOifi CHCO»H C(COjH)j. 

ci). an. an). 

Buchner found that the acids of Type 1 as well as their esters are perfectly 
stable at high temperatures, and also that the cyclopropane ring in these 
substances can not be opened with reagents. We have verified this; 
both the adds and their esters behave in every respect like saturated com¬ 
pounds. In contrast with this, the other two types of substances give 
many of the addition reactions of unsaturated compounds. 

The most conspicuous difference between the substances represented by 
II and III is in their behavior towards basic reagents. The esters of the 
dibasic adds combine with the greatest ease with aleobolates, sodium 
amide, and similar substances, the ring opening between carbon atoms 
(1) and (3). In contrast with this the esters of the monobasic add are 
indifferent to dry alcoholates, and no reagents were found which would 
open the ring at tills point. Both types combine with hydrogen, the 
halogen adds, and probably the halogens. 

The mock of addition to substances of Types 11 and III is the same in 
all cases in which they combine with the same reagents. The ease of 
addition, however, is quite different. The adds of Type III pass into 
lactones, essentially an addition reaction, at temperatures at which those 
of Type II are perfectly stable. With lialogen adds, on the other hand, 
the substances of Type II combine far more readily than those of Type III. % 

Experimental Part 

Preparation of the Cyclopropane Derivatives.—When beuzoylphenyl- 
cydopropane dicarboxylic acid is heated, one of the products is the cor¬ 
responding monobasic add. 1 

C,H.CH — CHCOC*H, C«H,CH — CHCOOH* 

\/ \/ +CQ» 

C(COjH)i CHCOjH 

The amount of cyclopropane derivative obtained in this way is insig¬ 
nificant but it seemed probable that by using ester adds, add salts, or 
suitable catalytic agents, it would be possible to lower the temperature 
1 Tuts Journal, 3®, 1418 (1917). 



1096 8. p. KOHtSR aMd l. t. S*8siJt. 

to the point where the cyclopropane derivative would be the principal 
product. All of our efforts in this direction proved fruitless. 

The second method of preparation that we tried depended on the elim¬ 
ination of hydrobrotnic add from an a-bromo ketonic ester. For the 
work in this direction we selected methyl d-phenyl-7-(4-bromobenzoyl)- 
butyrate, because it was more likdy to give solid products than the un¬ 
substituted ester. 

d-Phenyl-7(4-bromobenzoyl)-butyric Acid, BrC»H«COCHjCH(C«H,)- 
CJfiCOsH.—The add was obtained in calculated quantity by heating the 
corresponding malonic acid 1 to 135-140° until effervescence ceased. It 
was purified by recrystallization from aqueous alcohol. It separated in 
needles and melted at 152-153°. 

Calc, for CnHuOiBr: C, j8.8; H, 4.3. Found: C, 38.3; H, 4.3. 

The methyl ester was obtained by saturating a concentrated solution 
of the add in methyl alcohol with hydrochloric add. It separated in 
solid form as the solution cooled. The solid was washed with water and 
recrystallized from methyl alcohol. The ester crystallizes in stout needles, 
is moderately soluble in methyl alcohol and ether, and melts at 93°. 

Calc, for CuHnOjBr: C, 49.1 ; H, 3.6. Found: C, 48.9; H. 3.6. 

Methyl 0-Phenyl-y-bromo-7-(4-bromobenzoyl)-butyrate, BrC«Hi- 
COCHBrCHvCuHsJCIIjCOjCHj.—The ester was brominated in carbon 
tetrachloride. The product was left as an oil when the solvent w'as re¬ 
moved under diminished pressure, but it solidified on addition of a little 
ether. By recrystallization from methyl alcohol the solid was separated 
into two monobromo derivatives. The one that is formed in largest 
quantity crystallized in fine needles and melted at 81-82°. The other 
separated in small quantity from the mother liquors, in long, feathery 
crystals that melted at 92°. 

Calc, for CuHuO,Br>: C, 49.1; H, 3.6. Found: C, 49.0, 49.1 ; H, 3.6, 3.9. 

Elimination of Hydrogen Bromide.—Methyl alcoholic solutions of the 
7-bromo esters were boiled with magnesium methylate, potassium acetate, 
and sodium methylate. The substance was not affected at all by mag¬ 
nesium methylate. The solutions containing potassium acetate deposited 
nearly the calculated amount of potassium bromide in the course of 5 
hours. Most of the alcohol was then removed. It left a pale yellow oil. 
This was dissolved in ether, the ethereal solution washed, dried and al¬ 
lowed to evaporate. The pale yellow oil that was left eventually solidified. 
The solid was purified by recrystallization from alcohol and thus obtained 
in fine, colorless needles that melted at 158°. 

Calc, for Ci,H u O»Br: C, 59.1; H, 3.8. Found: C, 58.8; H, 3.4. 

The analysis indicated a lactone, formed in accordance with the equation 
1 This Jounnai,, 39, 2408 (1917). 
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C*HiCHCHBrCOC«H*Br C*H,CH — CH — COCABr 

1 > 

CH,CO,CH, + CH,CO»K - CH, —CO + KBr + CH.CO.CH,. 

In order to verify this the y-lactone was made by way of the bromo add. 

d-Phenyl-y-bromo-7-(4-bromobenzoyl)-butyric Acid, BrQH^OCH- 
BrCH(C«Hs)CH,CO!H. —Bromine was added to finely powdered phenyl- 
p-bromobenzoyl-butyric acid, suspended in hot carbon tetrachloride, until 
a permanent red color appeared. The add dissolved in the process and 
the solution on cooling deposited the bromo ester in calculated quantity. 
The fine, white powder was recrystallized from ethyl acetate, as it was 
found to be excessively soluble in alcohol and ether. It crystallized in 
needles and melted at 146-147 °. 

Calc, for Ci,Hi«OtBr,: C, 47.9; H, 3.3. Found: C, 47.8; H, 3.1. 
d-Phenyl-y-(4-bromobenzoyl)-butyrolactone, c,h,ch — CHCOC*H*Br,— 

I > 

CH, — CO 

The 7-bromo add was dissolved in a cold solution of sodium carbonate. 
After 3 or 4 minutes the clear solution became turbid and soon a pretipitate 
formed. This was recrystallized from alcohol and a mixed melting point 
showed that it was identical with the product obtained from the reaction 
between the bromo ester and potassium acetate. 

The product of the reaction between the bromo ester and sodium 
methylate likewise was an oil that solidified after long standing. The 
solid proved to be a mixture of the same lactone and the bromine-free 
saturated ester in approximately equal amounts. These results showed 
that it was hopeless to attempt to get the cyclopropane derivative from 
the 7-bromo ester. 

3,5 - Dibromo - 4 - phenyl - 6 - (4 - bromo - phenyl) - dehydropyrone-1,3, 
C,H,CH — CBr - C C*H t Br —a third attempt to make the cyclopro- 

CHBrCO-O 

pane derivative was based on the elimination of bromine from an a, 7- 
dibromo ketonic ester As the 7-bromo ester does not react with bromine 
we undertook the bromination of the 7-bromo acid by the Hell-Vblhard- 
Zelinsky method. For this purpose 5 g. of the add was dissolved in 13 g. 
of phosphorus tribromide with gentle warming. An excess of bromine 
was added and the mixture Ixnled until the evolution of hydrogen bromide 
ceased. The solution was then allowed to cool and poured into ice water. 
This pretipitated a brick-red solid which was insoluble in alcohol and 
ether. It was recrystallized from ethyl acetate from which it separated 
in large, rhombic crystals of the color of smoky quartz. These melted 
at 170 s . 



1098 B. P. KOHLSR AND t» t>. STEELS. 

Calc, for Ci>HnO>Br a : Br, 49.3. Found: 49.4. 

The substance was insoluble in alkaline carbonates. No attempt was 
made to determine its structure, but it seems altogether probable that 
it is a pyrone derivative formed from the acid bromide. 

C<HtCHCHBrCOC«HtBr C*H*CH — CBr - CC,H*Br 

| —*■ I | + HBr. 

CHBrCOBr CHBr —CO —O 

Ketonic Pyrazolines.—Since all of the more direct methods for getting 
the desired cyclopropane derivatives failed it became necessary to resort 
to the pyrazoline reaction which Buchner used for making cyclopropane 
adds. The outlook was far from promising. Ketonic pyrazolines are 
not nearly so easy to make as the pyrazoline esters; and only few are 
known. 1 Most of these were made by Buchner for the purpose of getting 
cydopropane derivatives, but when he heated them he invariably ob¬ 
tained only pyrone derivatives.* 

COiC»H» COiC,H, 

I I 

CdhCH-C — COCH, C*H,C-C = C — CH, 

II —v |i | 

CjH«OjC yNH CH —CO —O + CO, + C,H,OH + N,. 

The diazo ester used in the earlier experiments was a very pure prepara¬ 
tion obtained by the method of Curtius.’ It was found later that a prod¬ 
uct obtained by the more convenient method given by Weyl 4 served equally 
well. After removing the last of the ether under diminished pressure 
the pale yellow liquid could be kept in brown bottles for many weeks 
without change. In a colorless bottle one specimen polymerized to the 
triethyl ester of pyrazoline triadd-1,2,3, melting at 98-99°. 

Phenyl-(4-bromobenzoyl)-pyrazole Carboxylic Acid, 

C«HiC === C — COC.H4B1-.—A mixture of equivalent amounts of ethyl 

HO,C — C = N — NH. 

diazo-acetate and benzal-p-bromo-acetophenone was wanned gently on a 
steam-bath. At 90° a slight effervescence was noted and at 95 0 a vigorous 
reaction took place. After this was over the temperature of the mixture 
was gradually raised to 175° in the course of 4 hours. The product on 
cooling turned to a glue-like mass which did not solidify in contact with 
alcohol. It was, therefore, treated with alcoholic potassium hydroxide. The 
solid potassium salt which separated was washed with alcohol until colorless. 
It gave a colorless add which crystallized from alcohol in feathery needles. 
The add melted, with decomposition, at 216-217°. 

‘ her ., 28, 221 (1893); 35. 34. 785 (190a). 

* Ber., 35, 789 (1902). 

* J. prait , Chem., [3] 38, 401 (1888). 

* Meth . d. org . Chem ., p. 848. 
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Calc, for CuHjfOtNiBr: Br, 21.6. Found. Br, 21 . 2 . 
PhenyI-(4-bromobenioyl)-pyra2ol, cjti, — c ===== cC 0 C.H.Br —The 

CH = N — KH 

pyrazol carboxylic acid began to effervesce freely at 245 °. The gas 
evolved was carbon dioxide. The light brown residue was recrystallized 
from alcohol, which deposited it in colorless needles melting at 159 0 . 

An analysis of this substance showed that it was a pyrazol derivative; 
the condensation product from which it was obtained therefore was not 
the desired ketonic pyrazol ine 

Calc, for CiiHnONjBr C, 58 7; H, 3 4. Found C, 58 7, H, 3.7 

Ethyl 4 - Phenyl - 5 - (4 - bromobenzoyl) - pyrazoline Carboxylate, 
C«H|CH •=== CHCOC«H,Br. —A solution of 15 g of ethvl-diazo-acetate 

I ! 

CdhOjC C — N — NH 

End 37 g. benzal-£-bromo-acetophenone m high telling ligroin was heated 
on a steam-bath. After a time a fine, white precipitate began to separate. 
The reaction appeared to be complete after 2 5 hours when 26.5 g. of 
product was filtered from the hot solution. RecryAulhzation of this 
product from alcohol gave colorless, rhombic plates winch melted at 150- 
154 0 with effervescence. 

Calc for CnHi-OjNjBr C, 568,11,42 Found 0.569,11,45 
4-Phenyl-6-(4-bromophenylj-pyrone-i,2, CdUC — CH ==C — C«H t Br.— 

CII — CO — t) 

The pyrazoline derivathe teg an to give off nitrogen at 160°. A quantity 
of it was therefore heated in an oil bath at 170-200 0 for two hours. The 
resulting oil on cooling deposited a mixture of two hinds of crystals. These 
were separated by systematic fractional crystallization from alcohol. 
The principal product was sparingly soluble in alcohol from which it sep¬ 
arated in fine, feathery crystals When pure it melted sharply at 183° 
and contained no nitrogen This was evidently a pyrone derivative 
formed in the same way as those obtained by Buchner in a similar reac¬ 
tion. 

Cak. for Ci HuO»Br C. 62.4, H, 5 4 Found C, 62 2, H, 3 6 

Ethyl 2 - Phenyl - 3 - (4 - bromophenyl) - cyclopropane Carboxylate, 
C*HaCH—-^CHCdbBr,—The mother liquors from the pyrone derivative 

CHCOsCiHi 

deposited a small quantity of another substance. By recrystallization 
from alcohol this was obtained in colorless needles which melted at 
118-119°. 

Calc, for Ct«HuO|Br: C, 61. »; H, 4 6. Found C, 6i.o, H, 4 4. 

This substance was undoubtedly the cyclopropane derivative, but the 
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amount obtained was extremely small—less than o.i g. from 10 g. of 
pyrazoline derivative. Its relatively high melting point and its sparing 
solubility in alcohol indicated that a corresponding compound obtained 
by starting with benzal-acetophenone would likewise be a crystalline solid. 
We therefore used the more convenient unsaturated ketone in all sub¬ 
sequent experiments. 

Ethyl 4-Phenyl-s-benzoyl-pyra2oline Carboxylate-3, 

C,H S CH - CHCOCjHi,— A solution of 43.8 g. of benzal-acetophe- 

CiHjOtC — C = N — NH 

none and 24 g. of ethyl diazo-acetate in the minimum quantity of ligroin 
(90-120°) was heated on a steam-bath for 3 hours. A red oil accumulated 
on the bottom and sides of the flask. The ligroin was decanted and a 
small quantity of ether poured on top of the oil, which soon solidified 
under this treatment. The solid, purified by recrystallization from alco¬ 
hol, was obtained in hexagonal plates melting at 156-158°. 

Calc, for Ci»HhO«Nj: C, 70.8; H, 5.6. Found: C, 70.5; H, 5.9. 

In later experiments it was found that a much purer product could be 
obtained by inoculating the hot ligroin solution of benzal-acetophenone 
and ethyl diazo-acetate with some of the crystalline pyrazoline derivative 
and then by frequent shaking induce the product to separate as a fine 
crystal powder. After this was washed with ether it was pure enough for 
use. It was found also that on a small scale, at any rate, the reaction can 
be carried out without using a solvent. Thus 2 g. of unsaturated ketone 
and i.2 g. of the diazo compound were heated at 60-65° for 5 hours. The 
pyrazoline derivative began to separate spontaneously after about an hour. 
After washing with ether the product weighed 2. g. The average yield 
when ligroin was used as a solvent was 64%. 

The pyrazoline derivative is moderately soluble in boiling alcohol, spar¬ 
ingly in cold alcohol and ether, insoluble in ligroin. Its solutions in alco¬ 
hols turn to a brilliant red color when a little hydrogen chloride is passed 
into them. On protracted heating below the temperature at which it 
decomposes it passes into an isomer that crystallizes in needles which are 
readily soluble in alcohol and ether and which melt at 102.5-103°. This 
substance is also formed in small quantities during the condensation of 
the unsaturated ketone and diazo ester, and accumulates in the mother 
liquors. It is probably a stereoisomer because its alcoholic solutions with 
hydrochloric add give the same color as the higher melting product. 

Calc, for CijHuOtNj: C, 70.8; H, J.6. Found: C, 70.5; H, 5.6. 

4,6-DiphenyI-pyrone-i,2, CdH.C — CH =» c — This is always the 

II I 

CH — CO — O 

principal product that is formed when the pyrazoline compounds are 
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decomposed at high temperatures. It is most easily purified by first dis¬ 
tilling the oily melt under diminished pressure and then recrystallizing 
the solid distillate from alcohol. It is very sparingly soluble in cold alco¬ 
hol, readily soluble in ether and boiling alcohol, and crystallizes in yellow 
plates which melt at 138-139°. 

Calc, for CuHuOj: C, 82.3; H, 4.8. Found: C, 82.2; H, 3.0. 


Ethyl 2-Phenyl-3-benzoyl-cyclopropane Carboxylate, 

C«HiCH — CHCOC4H1. —The cyclopropane derivative is probably formed 

CHCOjCjHj 

whenever the pyrazoline is decomposed at high temperature but the yield 
is always small, for we never got over 2% when the pyrazoline was heated 
by itself. In an effort to improve the yield we decomposed the substance 
under a variety of different conditions: in solution in high boiling liquids, 
under increased and reduced pressures, and in contact with charcoal, a 
variety of porous materials that promote gas reaction, platinized as¬ 
bestos, and all the common metals. Of these only platinum and gold 
proved useful 

The method of preparation finally adopted was therefore as follows: 
The pyrazoline was heated in a metal bath in 10 g. lots with 3 g. of platinum 
scrap to each lot. At 220-225° nitrogen was given off very rapidly and 
the decomposition was usually complete in 2-3 minutes. The resulting 
oil was dissolved in alcohol and the cyclopropane derivative allowed to 
crystallize slowly. The crystals were always yellow owing to contamina¬ 
tion with a trace of the pyTone and several recrystallizations were neces¬ 
sary' to get a colorless product. The average yield ivas 37%. 

CaJc. for Ci»HnO. C, 77.6; H, 6.1. Found C, 776; H, 6.1. 


The cyclopropane ester crystallizes in thin plates and melts at 103 °. It 
is readily soluble in boiling alcohol and in acetone, moderately soluble in 
cold alcohol, ether, benzene, and acetic add. It does not reduce a solu¬ 
tion of permanganate in acetone. In a good vacuum it can be distilled 
without loss and it was recovered unchanged after it had been heated above 
300° for several hours. 

2-Phenyl-3-beazoyl-cyclopropane Carboxylic Acid, 

C»H 4 CH —-CHCOC«H». —For the purpose of hydrolysis an excess of 2:3 

CHCO.H 

aqueous potassium hydroxide solution was added to an alcoholic solu¬ 
tion of the ester. After 10 minutes the solution could be diluted with 
water without becoming turbid—indicating complete hydrolysis. The 
solution was addified, the curdy predpitate thoroughly washed with water, 
dried and dissolved in benzene. The solution first deposited a small 
quantity of fine needles, then the main product in long, thin filaments, 
like thistledown. These are two stereoisomeric adds. 
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The acid which crystallizes in needles is easily purified. It melts at 
176°, and is very readily soluble in alcohol and ether, moderately in ben¬ 
zene, almost insoluble in ligroin. 

Calc, for C»HmO ( : C, 76.7; H, 5.3. Found: C, 76.4; H, S- 4 - 

It is difficult to get the other acid in a form in which it will give a sharp 
melting point because it is always contaminated with a small quantity 
of its isomer. After a number of recrystallizations from benzene it 
melted at 147-150°. 

Calc, for CuHuOi: C, 76.7; H, 5.3. Found: C, 76.5; H, 5.2. 

Each of the cyclopropane acids was re-esterified by way of the silver 
salt and ethyl iodide. The higher melting add gave the ester from which 
the adds had been obtained by hydrolysis. The lower melting add gave 
an isomeric ester which melted at 93-94 °. This crystallized from alcohol 
in stout needles and from ether in 6-sided plates. 

Calc, for CuHuOi C, 77.6; H, 6.0. Found: C, 77.4: H, 6.0. 

Action of Hydrobrotnic Acid on the Cyclopropane Acid.—In order to 
compare the behavior of this add with that of the corresponding dibasic 
add studied by Buchner, it was sealed up in a tube with excess of cone, 
aqueous hydrobromic add. No reaction took place in the cold. Tire 
tube was therefore heated in a steam-jacketed furnace. It was extensively 
decomposed and gave only tarry products, while Buchner’s acid under 
the same conditions remained unchanged. 

For the purpose of comparing the behavior of the acid with those de¬ 
scribed in earlier papers, its solution in gladal acetic acid was saturated 
with hydrogen bromide. The solution turned yellow at once and in a few 
hours deposited a yellow crystalline solid, melting at 149-150°. This 
was identified as a-benzal-7 -phenyl-crotonie lactone by comparison with 
a specimen on hand. The acid, therefore in this respect, behaves exactly 
like the ketonic cyclopropane acids which contain two carboxyl groups, 
the ring opening between carbon atoms (2) and (3). 

C*H,CH — CHCOC,H s [" CtHiCHBrCH — COC,H,l 

\/ I — 

CHCOiH + HBr - L CH.CO.H J 

C«H.CH - C — CH - C CJH* 

I I' 

CO-o 

Action of Hydrogen Chloride.—A solution of the lower melting add in 
gladal acetic add was saturated with hydrogen chloride. It remained 
colorless and after a time deposited a colorless add which melted with 
decomposition at about 131-132°, and contained chlorine. This add was 
extremely unstable, losing both hydrochloric add and carbon dioxide with 
the greatest ease. When dissolved in alcohol, however, it formed the 
corresponding ester which was perfectly stable. An analysis of the ester 
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showed that the add must have the composition CnHi< 0 »Cl, and, there¬ 
fore, that it is formed by addition of a molecule of hydrogen chloride to 
the cyclopropane add. 

When this ehloro add was heated above its melting point for a few 
minutes it lost carbon dioxide and hydrochloric add and gave a neu¬ 
tral, halogen-free product which melted at 92-93This was identical 
with the d-benzal-propiophenone which Wieland obtained by hydrolysis 
of ot.S-diphenyl-or-nitro-butadiene. Wieland’s compound melted at 93 0 
and gave an oxime that at 104 0 melted to a turbid liquid which became 
dear at 106°. Our product melted at 92-93 0 and gave an oxime which 
behaved exactly like Wieland’s. Hydrochloric add therefore adds in the 
manner assumed for hydrobromic add, the proof being based on the 
following equations: 

C.H.CH — CHCOC,H, C 4 H,CHClCH(CO,H)CH a COC4I 1 

\ / + HC! 

CHCOjH 

C«HkCHClCH — CHiCOCjHi fCOhCH — CHCH.COCJi 

I H ! 1 

ho»c L o—c - o 

C.H.CH - CHCHjCOCiH, 

Ethyl a-Phenacyl-j 3 ,d-chloro-phenyl Propionate, C 6 H 5 CHC 1 CH(COj- 
CjH 6 )CH 5 COC(iH 1 —The ester was obtained not only by dissolving the 
corresponding acid in alcohol but also and much more easily, by saturating 
an alcoholic solution of either the cyclopropane add or its ester with 
hydrogen chloride. This is the first case that we have met in which a 
cydopropane derivative combines with a halogen acid in alcoholic solu¬ 
tion. 

Calc, for C„H„0,C1 C, 69.0; H. 5.8. Found: C, 68.6; H, 6.1. 

The ester crystallizes from alcohol in hexagonal plates which melt at 
68-69°. Its most characteristic property is the ease with which it loses 
hydrogen chloride to potassium acetate and forms a cyclopropane deriv¬ 
ative. Although it is a 0 -chloro ester, not a trace of ethylenic compound 
is formed in the process. 

Reduction.— A solution of the cydopropane ester in acetic add was 
boiled with excess of zinc dust for half an hour. On cooling it deposited 
a flocculent ester which melted at 59-61 °. For the purpose of identifica¬ 
tion this was hydrolyzed to the corresponding add. It gave an add 
melting at 152-154° whidi was identified as d-pbenyl-7-benzoyl-propionic 
add by comparison with a specimen of this add prepared in another way. 1 

Reaction with Acid Chlorides. —Both the cyclopropane add and its 
ethyl ester were treated with thionyl diloride and with phosphorus penta- 
chloride. The ester was not attacked by either reagent. The add was 
1 46, 233 (1843). 
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transformed into the add chloride but aside from a trace of yellow color 
there was no evidence that the ring was affected. Thus a solution of the 
add in carbon tetrachloride was boiled with excess of phosphorus penta- 
chloride until evolution of hydrogen chloride ceased. The pentachloride 
was then filtered off and the solvent evaporated under dimini shed pres¬ 
sure. It left a pale yellow oil. This, when dissolved in alcohol gave 
almost the calculated quantity of the ethyl ester. An attempt to use 
the add chloride in a Friedel and Crafts reaction proved unsuccessful, the 
sole product being the same benzal-phenyl-crotonic lactone that had been 
previously obtained by the action of hydrogen bromide. 

Experiments with 3-Phenylcyclopropane Diacid-2,2, C*H,CH~CIICO,u. 

CHCO.H 

—The add and its ester were prepared by the method of Buchner. A 
solution of the ester in absolute alcohol was saturated with hydrogen 
chloride and allowed to stand at the ordinary temperature for several 
days. The ester was recovered unchanged. Solutions of the acid in 
gladal acetic acid were saturated with hydrochloric and hydrobromic add 
and likewise allowed to stand for several days, but here also the original 
substance was recovered. It is evident, therefore, that the diacid is not 
affected by hydrochloric or hydrobromic adds, under conditions under 
which the adds produce ring cleavage in the corresponding ketonic add. 

Ethyl 4-Phenyl-pyrazol-carboxylate-3, C,H» — C ==- Ch.—I n order to 

/ >NH 

CjH,O.C — C = tv 

determine whether nitro-cyclopropane derivatives could be obtained from 
the corresponding pyrazolines, a mixture of diazo-acetic ester and /S' 
nitro-styrene in molecular proportions was gently warmed on a steam- 
bath. The reaction which started soon became so vigorous that it had to 
be moderated by cooling. The resulting brown oil crystallized spon¬ 
taneously in thin plates. Recrystallization from alcohol gave colorless 
plates melting at 164-165°. 

Calc, for CuHuOjN 2 : C, 66.7; H, 5.6 Found: C, 66.7; H, 5.9. 

Its composition indicated a pyrazol derivative. The ester was there¬ 
fore hydrolyzed and the resulting acid, which melted at 232-253°, heated 
above its melting point until effervescence ceased. The product, after 
crystallization from alcohol, appeared in leaflets meltitig at 228°—the 
properties of 4-phenyl-pyrazol. The reaction between nitro-styrene and 
ethyl diazo-acetate is, therefore, represented by the equation 
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C«HiC ===== CH 

I i + HNO,. 

C*HiOjC C = N —NH 

The reaction was also tried in ligroio and in ether at the lowest tem¬ 
perature at which it would take place. In each oxides of nitrogen appeared 
soon after the reaction started and the only product was the pyrazol 
derivative. 

Summary. 

1. Four methods were tried for making cyclopropane derivatives having 
one ketonic and one carboxyl group in combination with the ring: decom¬ 
position of a ketonic cyclopropane diacid, eliminating hydrogen bromide 
from a 7-bromo-ketonic add, removing bromine from an a.-y-dibromo 
ketonic add, and decomposing a pyrazoline-ketonic ester. .411 these 
methods gave cyclic compounds, but only the last could be used for pre¬ 
paring a cyclopropane derivative. 

2. Reagents that combine readily with a.fi-unsaturated ketones also 
combine with this type of cyclopropane derivatives. The addition prod¬ 
ucts are open chained saturated compounds. 

3. Diazo-acctic ester readily combines with nitro-styrene; but the prod¬ 
uct loses nitrous add so easily that a pyrazol derivative is obtained in¬ 
stead of the nitro-pyrazoline which is first formed. 

Cambrjdojz, Mass 


[Contribution from the Chemical Laboratory of Harvard University.] 

COLORED CONDENSATION PRODUCTS FROM KETONIC 
PYRAZOLINE DERIVATIVES. 

By E. P. Kohlss and L. L. Stbelb. 

Received Apnl 3, 1919. 

The ketonic pyrazolines described in the previous paper give highly 
colored, fluorescent solutions in alcohol containing a trace of hydrochloric 
add. We have isolated several of the products; they are high melting, 
sparingly soluble solids resembling the most brilliantly colored rhodamine 
dyes. 

The pyrazoline derivative obtained by adding diazo-acetie ester to 
benzal-acetophenone gave a crimson product which was free from halogen. 
Its composition and molecular weight are represented by the formula 
CtiHnOiN*. It is, therefore, formed in accordance with the equation 
C*H*CH-CHCOC*Hi 

f I 

zCtHtOtC-C - N — NH ~ CmH«0*Ni + iH,0. 

When the substance is allowed to remain in contact with a saturated 
solution of hydrochloric add in alcohol, it takes up one molecule of the 
add and one of water. The result is a yellow compound which readily 
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loses both water and add and reverts to the red product. In acetic add 
the red compound combines with 2 molecules of water and forms a Color¬ 
less compound winch has the composition of the pyrazoline derivative 
but twice its molecular weight. 

Similar products were obtained from all pyrazoline derivatives that 
had the grouping I, while a derivative which had the grouping II failed 
to give any color with hydrogen chloride. 

—CH — CO — —C (COjCjH*) — CO- 

I I 

—NH —NH 

(I). GO). 

The hydrogen a to carbonyl is, therefore, involved in the formation of 
the compound. This gives as a possible formula 
C«H,CH-C - C — C.H, 

I / \ 

CiH,0,C C = N— N N — N = C — CQ£>H.. 

\ / ! 

C*H, — C = C-CHC.H* 

Experimental Part. 

When gaseous hydrogen chloride is passed into a concentrated solution 
of ethyl 4-phenyl 5-bcnzoyl-pyrazoline carboxylate-3 in alcohol, the solu¬ 
tion turns red immediately but begins to fade again without depositing 
any solid material. If the solution is kept in ice-water while the gas is 
introduced, a crimson precipitate forms in small amount. When this is 
left in contact with the acid solution it redissolves and the color of the 
solution gradually fades. The red compound is evidently an intermediate 
product which has to be caught in passing. 

The method of preparation finally adopted was as follows: hydrogen 
chloride was passed into 150 cc. of boiling methyl alcohol in which 20 g. 
of the ketonic pyrazoline was suspended as a fine powder. As soon as all 
of the pyrazoline had disappeared the precipitated crimson solid was 
filtered off and washed with alcohol. As no suitable solvent was found 
from which the substance could be recrystallized, it was purified by pro¬ 
longed boiling with carbon disulfide. It was changed in the process from 
an impalpable powder to a mass of short, stout needles. After washing 
with ether these melted at 266-268°. 

Calc, for C«HcO,NY. C, 75.0; H, 5.3. Found: C, 75,0; H, j.a. 

We failed to find any solvent in which the substance is sufficiently 
soluble for an accurate molecular-weight determination. Hot nitroben¬ 
zene dissolves about one g. of it per 100 g. of solvent and if this solution 
is allowed to cool without disturbance it generally retains the solute for 
several hours. The molecular weight found by freezing a somewhat mote 
dilute solution than this was 525 instead of 608 calculated for the formula 
given. 
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The substance is so little soluble in alcohol and ether that it barely 
imparts a red tinge to the solutions. It is slightly soluble in benzene and 
carbon disulfide. The solutions are fluorescent; their color is a brilliant 
crimson-orange by reflected light, a rich purple by transmitted light. 
A specimen exposed to sunlight for 3 months, in a sealed tube, did not 
change either in color or melting point, but the dilute solutions in benzene 
acetone, and carbon disulfide soon faded to yellow in the light. The red 
compound is remarkably stable at high temperatures. In a vacuum it 
sublimes freely at about 400 °. 

Action of Hydrochloric Acid.—Hydrochloric add was passed into a 
suspension of the red condensation product in alcohol. The red solid 
disappeared rapidly, the solution becoming at first greenish yellow and 
finally yellow. The alcohol, on evaporation, left a green powder which, 
after recrystallization from the same solvent, was obtained in yellow plates 
that melted to a red liquid at 258-259°. 

Calc, for CttH»OiNtCl; C, 6S.8; H, 5.2; Cl, 5.4. Found: C, 68.9; H, 4.8; Q, 
5 - 9 - 

These results indicate that the yellow compound is formed by the addi¬ 
tion of one molecule of water and one of hydrogen chloride to the con¬ 
densation product. The substance gradually turns red both when heated 
by itself and when boiled with glacial acetic acid. 

Action of Acetic Acid.—On protracted boiling with glacial acetic add 
the red compound slowly dissolved and the solution finally became color¬ 
less. It was poured into water which precipitated a colorless product. 
By recrystallization from alcohol, this was obtained in small, colorless 
needles, which turned brown at about 170°, and melted to a clear brown 
liquid at 181°. The composition indicates that this compound is formed 
by the addition of 2 molecules of water to the red product. 

Calc, for C»«H* 0 *N( C, 70.8; H, j.6. Found: C, 70.8; H, 5.3. 

Condensation Product from Ethyl 4-Phenyl-5(4-bromobenzoyl)-pyr- 
azoline Carboxylate-3.—The condensation was carried out as with the 
bromine-free compound and the product purified in the same way. The 
brilliant purple-red needles melted at 268-270°. 

Calc, for CnHuO»N 1 Br: C, 59.6; H, 3.9. Found: C, 6o.i; H, 3.9. 

Ethyl 4-Phenyl-5-benzalaceto-pyr&zoline Carboxylate-3, 

C«HtCH- CH — CO — CH,CHC*H».— A mixture of 10 g. of diben- 

I i 

CtHiOiC C - N — NH 

zal-acetone and 9.8 g. of ethyl diazo-acetate was heated in ligroin at 50- 
70° for several hours, then allowed to remain at the ordinary temperature 
for several days, during which the pyrazoline derivative separated in light 
yellow plates. It was purified by recrystallization from alcohol in which 
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it is only sparingly soluble. Its melting point was 164.5-165°. The 
yield was small. 

Calc, for CuHhOiNi: C, 724; H, 5.8. Found: C, 72-1; H, 5.9. 

When hydrogen chloride was passed into an alcoholic solution of the 
pyrazoline derivative it soon produced a deep blood-red color, but no 
pure product could be isolated. The dilute solutions were red by trans¬ 
mitted and green by reflected light. 

Ethyl 4-Phenyl-5-aceto-pyrazoline Carboxylate-3, 

C«H|CH - CHCOCHj. —A mixture of 7 g. of benzal-acetone and 5.7 

II 

CtHt<XC — C - N — NH 

g. of ethyl diazo-acetate was heated at 75-80° for two hours, during which 
2.5 g. of solid product separated. This was washed with ether in which 
it was almost insoluble and recrystallized from alcohol. It separated in 
white needles melting at 127°. 

Calc, far CitHuOiNj: C, 64.6; H, 6.2. Found C, 64.8; H, 6.4. 

A trace of hydrochloric add in an alcoholic solution of the pyrazoline 
derivative produced an intense yellow color. More hydrochloric add 
changed the color to orange and precipitated a small quantity of orange 
colored crystals. Dilute solutions of the condensation product were yel¬ 
low by transmitted, and green by reflected light. 

Ethyl 4-Phenyl-5-acetyl-pyrazoline Dicarboxylate-3,5, 

CJhCH- - CfCOCHilCOjCuHt. —The pyrazoline derivative was pre- 

Cja^C — C - N — NH 

pared according to directions given by Buchner 1 but for some reason we 
obtained a product melting at 105-106“ instead of 76° as given by Buch¬ 
ner. Our product was sparingly soluble in alcohol and crystallized in fine 
needles. 

Calc, far CuHioOiNi: C, 61.4; H, 6.1. Found: C, 61.2; H, 6.0. 

The substance is evidently a stereoisomer of the pyrazoline derivative 
obtained by Buchner, because when it was heated to 270-290° it lost 
nitrogen and gave the same pyrone ester which Buchner had obtained by 
heating the product melting at 76°. 

Hydrogen chloride was passed in the usual way into an alcoholic solu¬ 
tion of the pyrazoline derivative but failed to produce any color, and only 
unchanged substance separated when the solution was allowed to cool. 

Cakbudos, Mass. 

* £**■-. 35> 78s (1902). 
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THE SUPPOSED OCCURRENCE OF METHYLGUANIDINE IN 
MEAT, WITH OBSERVATIONS ON THE OXIDATION 
OF CREATINE BY MERCURIC ACETATE. 

By Isidor Grebnwald. 

Received March IS, 1919. 

The experiments to be reported grew out of an attempt to investigate 
the nature of the toxic agent in "meat poisoning.” Methylguanidine is 
one of the most toxic substances claimed to have been obtained from meat, 
or extract of beef, and it seemed possible that this compound might be a 
factor in such poisoning. The investigation is not complete, but suffi¬ 
cient evidence has been accumulated to indicate that methylguanidine 
is not present in meat, save, possibly, that which has undergone very ex¬ 
tensive decomposition. The work is presented in its present form be¬ 
cause it confirms the recently published work of others, 1 and because its 
resumption in the near future is not likely. 

Methylguanidine was first obtained from physiological material by 
Brieger,* who used horse meat that had been allowed to decompose for 
4 months, and by his pupil Hoffa,* and from the flesh of rabbits infected 
with "rabbit septicemia.” They claimed that by their method they 
were unable to find any methylguanidine in fresh or normal meat. Their 
procedure was quite complicated and apparently was not used by other 
investigators. All other reports on the presence of methylguanidine in 
meat or in extract of beef are based on the use of either or both of the 
following methods of precipitation: (a) silver nitrate and barium hydroxide, 
( 4 ) mercuric chloride and sodium acetate. 

In 1916, Ewins 4 showed that creatine was oxidized to methylguanidine 
by means of silver oxide, and, that, consequently, all reports as to the 
presence of the latter which were based upon precipitation with silver 
nitrate and barium hydroxide were of little value. However, Ewins re¬ 
garded precipitation with mercuric acetate as free from the danger of 
oxidation. 

In the description of the method for the isolation of methylguanidine 
by means of precipitation with mercuric chloride and sodium acetate, 
there is mentioned a heavy white precipitate which is insoluble in hot, diL 
hydrochloric add. It seemed to the author that this could only be mer- 

1 Baumann and Ingvaldsen, J. Biol. Ckem., 35, 377 (1918). 

’ Brieger, UiUersvckungen tiber Ptomaine, III, 1888, p. 33. 

* Hofia, SUxungsb. physical, median. Ges. Wnrdmrg, 1889, p. 96; Jakresb. Tierchem., 
'ft 47 s. 

4 Ewins, Biochem. J„ to, 103 {1916). 
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curoas chloride, and that it was probably formed as a result of the oxida¬ 
tion of creatine. 

Experiment proved that this was the case. Both methylguanidine 
and oxalic acid were isolated and identified as products of oxidation. The 
existence of an intermediate substance was suspected, but attempts at 
its isolation were not immediately successful. About 20% of the nitrogen 
of the creatine was obtained as ammonia (or other amine that could be 
completely distilled in a current of air at ordinary room temperature), 
indicating either that some methylguanidine was further oxidized, or 
that there was some other reaction in progress. 

The work had reached this stage when the author was informed in a 
personal communication that Baumann and Ingvaldsen had also observed 
the oxidation of creatine by means of mercuric acetate and had isolated 
the substance intermediate between creatine and methylguanidine and 
oxalic arid. That work has since been published. 1 Baumann and Ing¬ 
valdsen called their new substance methylguanido-glyoxylic arid. 

CH»NHC( : NH)NHCOCOOH. 

Its constitution was established by (1) derivation from creatine, (2) 
nitrogen content, and (3) hydrolysis in a solution of sodium acetate, 
precipitation with calcium chloride, filtration and ignition. The calcu¬ 
lated quantity of calcium oxide was obtained. 

The substance is unstable, decomposing readily upon evaporation of 
its solutions at ordinary pressures. Using diminished pressure, the sub¬ 
stance was readily obtained and was found to have the properties de¬ 
scribed by Baumann and Ingvaldsen. 

An attempt was made by the author to determine more completely its- 
constitution. The substance which forms the insoluble calcium com¬ 
pound after hydrolysis was identified as oxalic acid by weighing the air- 
dried precipitate, then igniting and weighing again. The weights ob¬ 
served were those calculated from CaCjO.-HjO and for CaO. 

Table I. 

Analysis of or-Methylguauido-glyoxylic Add. 

CaCiO. H,o C»0. 


Prepara- 

Substance 

taken. 

Found 

Calculated 

Found. 

Calculated. 

tion No 

G 

G. 

G. 

G 

G. 

1. 

.... 0 0906 

0.0935 

0.0915 

O.O353 

0.0330 


0.1916 

O 1930 

0.1988 

0.0745 

0.0741 

11. 

.... 0.1804 

0.1840 

0.1S14 

0.0710 

00698 


0 1866 

0.1885 

0.1875 

00734 

0.0721 

hi. 

. ... O.1770 

0.1810 

0.1782 

0.0690 

0.0684 


0 1608 

0.1660 

0 1619 

0.0634 

0.0621 

IV. 

. . . a O 2231 

0.2232 

0.2346 

0.0867 

0.0862 


O 2392 

O.2412 

O.2409 

Lost 



* Baumann and Ingvaldsen, J. Biot. Chem., 35, 277 (1918). 
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It was also attempted to isolate methylguanidine from the products of 
hydrolysis of the substance. 0.33 g. was dissolved in water and evap¬ 
orated to dryness after adding 3 cc. cone, hydrochloric add. The residue 
was dissolved in water and treated with an excess of sodium picrate. 
There was obtained 0.243 g. of a substance having the characteristic 
crystal form of methylguanidine picrate and melting at 195 0 (uncorr.). 
The small yield is noteworthy. The theoretical yield is 0.665 £■ It is 
probable that some other form of decomposition occurs. This may partly 
explain the failure to secure more than 50% of methylguanidine from 
creatine. 

A typical protocol is presented. The methylguanido-glyoxylic add 
was identified by melting point, nitrogen content and by hydrolysis and 
predpitation with caldum chloride, weighing as CaCiO^.HjO and as CaO. 
Methylguanidine was weighed as the picrate, which was identified by 
crystal form, melting point and yidd of picric add and of methylguanidine 
hydrochloride. For this purpose a wdghed quantity of the picrate was 
dissolved in hot water, transferred to a continuous extraction apparatus, 
treated with hydrochloric add and then extracted with benzene, using a 
weighed flask. After complete extraction, the benzene was distilled off, 
the flask dried at 105 °, cooled and weighed. The add solution was also 
evaporated, at first in a beaker, then in a small glass evaporating dish, 
dried at 105 0 and weighed. The calculated quantities of picric add and 
methylguanidine hydrochloride were obtained. 

13.1 g. creatine (4.2 g. nitrogen) was dissolved in 800 cc. water, and 
225 g. mercuric acetate added. The mixture was allowed to stand at 
room temperature for 8 days and was then filtered. Ten cc. of this fil¬ 
trate was used for a determination of creatine, and found to contain less 
than o. 1 mg. of this substance. The predpitate was then washed with 
cold water. The predpitate is known as Fraction I; the filtrate as Frac¬ 
tion II. 

Fraction I.—The predpitate was suspended in water and decomposed 
with hydrogen sulfide. The mercuric sulfide was filtered out and the 
filtrate set aside. The predpitate was then washed with hot water and 
the washings allowed to cool, whereupon white crystals separated. These 
were kept, and the mother liquid and the filtrate previously obtained 
evaporated at about 15 mm. pressure to a small volume. The distillate 
was collected and tested for nitrogen. None was found. The liquid in 
the distillisg flask yielded a second crop of crystals which was added to 
the first. After filtering, washing with cold water and drying at 
115 0 , they weighed 5.133 g. They were identified as a-methylguanido- 
glyoxylic add, as described previously. The filtrate was evaporated and 
yielded 1.058 g. of a substance containing 16.2% of nitrogen and melting 
at 135°. After recrystalliring from hot water, the melting point was 
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202°. The substance which melted at 135° was probably a mixture of 
methylguanido-glyoxylic add (m. p. 203°) and oxalic add. 

The filtrate from these crystals contained 0.900 g. of nitrogen. Upon 
treatment with picric add, tnethylguanidinc picrate was obtained. The 
amount, however, accounted for only 0.495 g- °f nitrogen. 

Fraction II.—This was treated with hydrogen sulfide and mercuric sul¬ 
fide filtered out and washed with hot water. No crystals were obtained 
on cooling or after evaporation in vacuo. The distillate was nitrogen 
free. The liquid in the distilling flask contained 1 .68 g. nitrogen, of which 
1.32 g. was accounted for as methylguanidine upon treatment with 
picric acid. 

Tabus II. 

Distribution of Nitrogen after Oxidation of 13.1 g. Creatine (4.20 g. Nitrogen) with 

Mercuric Acetate. 

Fraction X Fraction II. 


G. G 

Methylguanido-glyoxylic acid. 1.490 

Crystals melting at 135° (impure methylguanido-glyoxylic acid). o. 170 

Methylguanidine. 0.495 1.320 

Nature unknown. 0.405 0.360 

Total. 4.24 g. 


It is clear that precipitation with mercuric salts is not suited to the 
isolation of methylguanidine, not only because these oxidize creatine 
but also because they do not completely precipitate methylguanidine, 
as is evident from the preceding protocol. Nor is the matter helped by 
making the mixture alkaline. In one experiment, 0.934 g. of methyl¬ 
guanidine hydrochloride (equivalent to 2.58 g. of the picrate) was dissolved 
in water and treated with mercuric chloride and sodium hydroxide, keep¬ 
ing the mixture just alkaline to litmus. The precipitate was filtered 
out and dissolved in hydrochloric acid, the mercury removed with hy¬ 
drogen sulfide, and the filtrate from the mercuric sulfide evaporated. 
Upon treatment with sodium picrate, only 1 . 101 g., or less than half of 
the calculated quantity of methylguanidine picrate, was obtained. It is 
evident that the method offers no possibilities, even if creatine could be 
quantitatively removed before treatment with mercuric salts. 

Many other procedures were tried, but none was satisfactory. The 
best results were obtained with a technique which is based upon the same 
principles as is Brieger’s, but differs in certain details. 

The hashed meat was suspended in about twice its weight of water, 
and was heated to boiling and filtered through muslin. The filtrate was 
set aside and the residue was again extracted. This process was repeated. 
The extracts were separately precipitated with basic lead acetate solu¬ 
tion. The next day the precipitate in the first extract was removed by 
centrifugation, and was suspended in the second extract. This was re¬ 
peated the next day for the third extract, serving to economize in wash 
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water and in the time required to evaporate it- The liquid was then 
evaporated at about 10 mm. pressure to a volume of about too cc. per kg. 
of meat, and was then poured into about two volumes of alcohol. The 
next day the precipitate was filtered out, washed with alcohol, and the 
filtrate was treated with hydrogen sulfide. The lead sulfide was removed, 
washed with alcohol, and the filtrate treated with 2 or 3 cc. of a saturated 
alcoholic solution of zinc chloride to remove creatinine. After 2 or 3 
days in the ice-chest, the precipitate was filtered out, and the filtrate 
was treated with an alcoholic solution of mercuric chloride until precipi¬ 
tation was complete. After standing overnight, this precipitate was 
filtered out, and the filtrate treated with hydrogen sulfide. The filtrate 
from the mercuric sulfide was evaporated to small volunje and precipi¬ 
tated with alcohol. The insoluble portion was rejected, the filtrate and 
washings were again evaporated and precipitated with absolute alcohol. 
This was repeated until the residue was practically entirely soluble in 
absolute alcohol. Water was then added, the alcohol boiled away, and 
the bases remaining precipitated with hydrochloric and phosphotungstic 
adds. The next day this predpitate was washed with a dilute solution 
of hydrochloric and phosphotungstic adds, and then decomposed with 
barium hydroxide in the cold. The filtrate from the barium phospho- 
tungstate was addified with hydrochloric add and evaporated to small 
volume. Four or five volumes of 95% alcohol were then added and the 
mixture allowed to stand overnight. The precipitate was filtered out, 
washed with alcohol, the filtrate evaporated and the treatment with alco¬ 
hol repeated until all was soluble in absolute alcohol. Water was added, 
the alcohol boiled away, and sodium picrate added. After standing on 
ice overnight, the predpitate was filtered out, dissolved in hot water, 
filtered and allowed to crystallize. 

If any considerable amount of the predpitate was obtained it was fil¬ 
tered out, dried and weighed. Some was taken for a melting-point de¬ 
termination. The remainder was dissolved in hot water, decomposed 
with hydrochloric add and extracted with benzene, in a continuous extrac¬ 
tion apparatus. The benzene was evaporated and the picric add wdghed. 
The add liquid was also evaporated in a wdghed dish and the residue of 
methylguanidine hydrochloride(?) weighed. 

In all, 3 lots of beef that had been standing at room temperature for 3 
or 4 days were used. With two of thee, very good results were obtained. 
In each case, two sample were taken. To one was added a weighed quan¬ 
tity of methylguanidine hydrochloride (obtained from a wdghed quantity 
of the picrate); the other was used as a control. In both case the latter 
yielded a negligible amount of picrate, while the added'methylguanidine 
was recovered, quantitatively, as the picrate and identified as already 
described. Protocols follow: 
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Expt. V. June 24,1400 g. of beef used. 0.003 g. picrate obtained. 

- Expt. VI. June 23, 1400 g. of the same beef used. Added 0.808 g. methyl- 
guanidine hydrochloride {equivalent to 3.23 g. of the picrate). Obtained 1.63 g. of 
picrats which melted at about 195° and which yielded 1.24 g. of picric acid and 0.621 
g. of hydrochloride. (Calculated for methylguanidine picrate 1.2s and 0.600 g., respec¬ 
tively.) 

Eipt, VTI. July 12, 1400 g. of another sample of meat used. 0.013 g. of dark 
picrate obtained. 

Bxpt. X. July 19, 1400 g. of the same sample of meat as used in Expt. VII. 
Added 0.475 g. methylguanidine hydrochloride (equivalent to 1.33 g. of the picrate). 
Obtained 1.35 g. of picrate which melted at about 195° and which yielded 1.06 g. of 
picric add and 0.517 g. of hydrochloride. (Calculated for methylguanidine picrate 
1.02 and 0.490 g. respectively.) 

The latter experiments were much less satisfactory. A considerable 
amount of insoluble picrate was obtained, but analysis showed that this 
was not methylguanidine picrate but some other substance. The protocols 
follow: 

Expt. XI. July 24, 1400 g. meat used. Obtained 0.6445 g. picrate decomposing 
at about 190°. This yielded < .4244 g. picric ac ..1 md 0.2755 g- of hydrochloride. 
(Calculated for methylguanidine picrate 0.488 g. and 0233 g., respectively.) The 
hydrochloride was dissolved in water, and aliquots taken for nitrogen determinations. 
The total was 0.0642 g If the original substance had been methylguanidine picrate 
0.0895 %■ was to be expected. The remainder of the solution was treated with sodium 
picrate. A picrate melting at 205° was obtained. Since this is considerably higher 
than the melting point (198“) of the purest methylguanidine picrate which had been 
obtained, it is obvious that the two are not identical. 

Expt. XII. July 25, 1400 g. of the some meat used, with the addition of one g. 
creatine. Obtained 0.6545 g. picrate, decomposing at about 190°. Analysis lost. 

Expt. Xm. July 27, 750 g. of the same meat used. Added 0.093 g. methyl- 
guanidine hydrochloride (equivalent to 0.266 g. of the picrate). Obtained 0.9066 g. 
of the picrate decomposing at 205 0 and yielding 0.6553 E- picric acid and 0.3372 g. 
hydrochloride. (Calculated for methylguanidine picrate 0.687 and 0.337 g., respec¬ 
tively.) The hydrochloride was treated as in Expt. XI. Calculated 0.126 g. nitrogen. 
Pound 0.078 g. The remainder of the solution was treated with sodium picrate. A 
picrate melting at 210° was obtained. 

It is probable that the poor results of these last experiments were 
due to faulty technique. However, it is believed that sufficient evi¬ 
dence has been presented to demonstrate that methylguanidine is not 
present in meat that is in a fair state of preservation. Whether or not 
it is present in badly decomposed meat has not been determined. That 
may depend upon the nature of the organisms responsible for the decompo¬ 
sition. Falk, Baumann and McGuire 1 have found that the creatine of 
meat is resistant to the action of the bacilli of the paratyphoid group, 
which is the type commonly found in “meat poisoning." 1 '’ In any event, 

* Falk, Baumann and McGuire, J. Biol. Chem., yj, 523 (1919). 

* Jordan, Pood Poisoning, Univ. Chicago Press, 1917. 

* Hubener, Fleischvirgijlungtn und Faraiypkusinfekiionen, G. Fischer, Jena, 

1010. 
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methylguanidine can scarcely be regarded as playing an important part 
in the mechanism of “meat poisoning" for such poisoning is due to meat 
that is not badly decomposed. The nature of the toxic agent will be con¬ 
sidered in another paper. 

N*w Yo«*. N. Y. 


[Contribution took tub Essential Oils Laboratory, Drug Division, Bureau or 

Chemistry.] 

THE CONSTITUTION OF CAPSAICIN, THE PUNGENT PRIN¬ 
CIPLE OF CAPSICUM, 

By E. K. Nelson. 

Received Apnl 11. 1919. 

The pungent principle of Capsicum was first isolated by Thresh, 1 who 
assigned to it the name capsaicin. Thresh, however, did not throw any 
light on the constitution of the substance and overlooked the presence of 
nitrogen, giving the formula C 5 Hh0 2 . 

Micko 1 improved the method of extracting capsaicin and obtained it as 
a crystalline substance of extreme pungency, melting at 63.5° and pos¬ 
sessing the properties of a phenol. On the basis of analyses and molecular- 
weight determinations, he ascribed to it the formula C,gH 2 «NOj. This 
is an impossible formula. His analyses agree well with the formula 
CigH a7 NOj. Micko found one hydroxyl and one methoxyl group. He 
prepared a benzoyl derivative, melting at 74 0 , which was not pungent. 
On treating an alcoholic solution of capsaicin with platinic chloride and 
hydrochloric acid and allowing the mixture to evaporate spontaneously he 
noted a vanilla-like odor This suggests the presence of a vanillin resi¬ 
due in capsaicin. 

Micko isolated capsaicin from paprika (Capsicum annuutn) and from 
cayenne pepper (Capsicum fastigiatum). From one kg. of cayenne pepper 
he extracted 5.5 g. of crude capsaicin, which was 20 times the amount 
he found in paprika. 

Nelson* extracted capsaicin by Micko’s method and obtained 2.13 g. 
of the pure crystalline substance, melting at 64.5 °, from 1.5 kg. of African 
capsicum. 

Preparation of Capsaicin. 

In> order to prepare material for this investigation Micko’s method of 
extraction was used. A considerable difference was observed in the 
amounts of capsaicin recoverable from different lots of cayenne pepper 
obtained on the market. In one case, only 12 g. of crude capsaicin was ob¬ 
tained from 40 pounds of the peppier. From 50 pounds of a very hot 
' *Pkam. J. and Trans., [3] 7, 21, 259, 473 (1876-77); 8, 187 (1877-78). 

1 Z. NaJir. Genussm., 1, 8x8 (1898); 2, 411 (1S99). 

1 /. Ini. £fl{. Chan., 2, 419 (1910). 
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cayenne pepper 77 g. of crude capsaicin was obtained, which, on recrys- 
t a lii zi ng 3 times, yielded about 50 g. of the pure substance, melting at 
65®. Capsaicin is purified by crystallizing from petroleum ether con¬ 
taining 10% of ethyl ether. An alcoholic solution of capsaicin was found 
to be optically inactive. 

Optical Crystallographic Data.'— In ordinary light, under the micro¬ 
scope, capsaicin shows overlapping plates which have, in part, rectangular 
outlines, but which break up readily into angular irregular fragments. 
The crystal system is probably monoclinic. Refractive indices [d) 
(determined by the immersion method in potassium-mercuric iodide 
solutions): a = 1520, & = 1.540, 7 = 1.580, 7— a = 0.060, all ■*= 
0.005. a and 8 are most often obtained, but 7 is not difficult to find. 
In parallel polarized light: The birefringence is strong, moderately 
thin plates showing lower second order colors, although thin ones show 
first order grays. Extinction on rectangular plates is parallel to the 
edges, but on those tilted up seems to be inclined, reaching 20°. There 
is not definite elongation. In convergent polarized light: Partial biaxial 
figures are frequently visible, the axial angle being moderate in size, 
2E = about 50° The sign is positive and the dispersion rather strong, 
with zE f < 2E r - 

EXPERIMENTAL. 

Methyl Capsaicin. 

In order to stabilize capsaicin so that it would yield definite products 
on oxidation, the hydroxyl was methylated. Capsaicin (1 .42 g.) was 
dissolved in 25 cc. of 5% sodium hydroxide solution, 3 cc. of dimethyl 
sulfate added, and the mixture shaken for 30 minutes. 10 cc. of 5% 
sodium hydroxide solution was then added to dissolve unchanged capsaicin 
and the methyl compound was separated by filtration and recrystallized 
from dil. alcohol. The yield was 1.46 g., or 98.3%. Methyl capsaicin 
is only moderately pungent, melting at 77-78°. Determination of meth- 
oxyl groups by Zeisel’s method: 

Subs., 0.2043, 0.2307; Agl, 0.2978, 0.3625. 

Calc, for Ci 7 H,»N 0 (CH« 0 )i: CHiO, 19.31. Pound: 19.26, 19.10. 

Optical Crystallographic Data.— In ordinary light, methyl capsaicin is 
found to consist of minute needles more or less grouped into bundles, 
and curved or bent. The crystal system appears to be monoclinic. Refrac¬ 
tive indices [d] (determined by the immersion method in potassium- 
mercuric iodide solutions): 0=1.55, d = 1.58, 7 = 1.60, 7 — a = 
0.05, all =*= 0.01. 8 is usually obtained lengthwise, and a mean of a 
and 7 crosswise. In parallel polarized light: The birefringence is strong, 
high first order colors, white to yellow, being shown even by rather slender 
■ The crystallographic measurements in this paper were made by Dr. Edgar T. 
Wherry, of the Bureau of Chemistry. 
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needles. The extinction is strongly inclined, reaching practically 45®. 
The elongation is mostly negative. In convergent polarized light: The 
crystals are too minute to yield definite figures, but the class is deafly 
biaxial. 

Oxidation of Methyl Capsaicin, 

Methyl capsaicin (1.46 g.) was suspended in 50 cc. of 2 N sodium 
carbonate solution and to the mixture, boiling under a reflux condenser, 
190 cc. of 3% potassium permanganate solution was slowly added. Am¬ 
monia was evolved. The solution was filtered from manganese dioxide, 
concentrated and acidified, when a difficultly soluble add separated, 
which was recrystallized from boiling water. The yield was o. 4 g. The 
melting point of the dry add was 180-181 Admixture with veratric 
add caused no depression in the melting point. On titration with alkali 
0.333 g. required 3.66 cc. of 0.5 N sodium hydroxide giving 182 as the neu¬ 
tralizing equivalent. 

Calc, for C.HiiO,: C, 59 31; H, 5.48. Found- C, 59.23; H, 5.55. 

Veratric add is therefore a product of the oxidation of methyl capsaicin, 
which indicates that a vanillin residue is present in eapsaidn. 

In addition to veratric acid, volatile adds appear to be formed, but, 
as the amount was small, they were not investigated at this time. 

Acid Hydrolysis of Methyl Capsaicin, 

As eapsaidn and methyl capsaicin appear to resist the action of acids 
and alkalies remarkably well at ordinary temperatures, the hydrolysis 
of methyl capsaicin was conducted in an autoclave. 

Methyl eapsaidn (2.5 g.) was dissolved in 125 cc. of 50% methyl alco¬ 
hol and 5 cc. cone, hydrochloric add added. The solution was heated 
at 125° for 3 hrs. Alcohol and volatile substances were then removed 
by steam distillation and the add solution, after extraction with ether 
to remove a small amount of unchanged methyl capsaicin, was evaporated 
to dryness, leaving a crystalline residue amounting to 1.35 g. This was 
recrystallized from hot alcohol. Analysis. 

Subs., 0.2016: AgCl, 0.1419. 

Subs., 0.1427: COj, 0.2776; HjO, 0.0914. 

Calc, for CtHuNOjHCl: C, 53 04; H, 6 9 j ; N, 6.87; Cl, 17 43 Found: C, 53.05; 
H, 7.14; N. 6.82; Cl, 17.39 

This substance proved to be identical with the hydrochloride of veratryl 
amine (3,4-dimethoxy-benzylamiue hydrochloride), described by Julius- 
berg,’ as no depression in melting point was observed on admixture with 
the hydrochloride of veratryl amine prepared by reducing methyl-vanilline 
oxime. A crystallographic examination also shows the compound to 
be the same. 

Optical Crystallographic Data.— In ordinary light, 3,4-dimethoxybenzyl- 

* Bee., 40,120 (1907). 
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amin e hydrochloride is seen to be well crystallized in rods and narrow 
plates. The crystal system is monodinie. Refractive indices [f> ] 
(determined by the immersion method in organic liquids): a * 1.505, 
/3 = 1.670, 7 *■= 1.700; 7—a = 0.195, all *0.005. Those usually 
obtained are fi and intermediate values between a and 7. In parallel 
polarized light: The birefringence is extreme, the colors being mostly 
erf the fourth order. The extinction of the plates may be straight, but 
when they are tilted up to any extent is strongly inclined, reaching 40°. 
The elongation is either positive or negative. In convergent polarized light: 
Partial biaxial figures are seen on practically all of the plates, one optic 
axis bang nearly perpendicular to them. The plane of the optic axes 
lies perpendicular to the surface of the plates, and parallel to their long 
sides. The acute bisectrix is, however, very difficult to obtain, as it 
lies at an angle of about 40 0 from the perpendicular to the plates. The 
axial angle 2E is about 6o° and the sign negative. Dispersion is rather 
weak, with zE r < 2E„. 

From the distillate containing volatile products of hydrolysis, ether 
extracted a pleasant-smelling oil which proved to be an ester formed by 
the action of methyl alcohol on an add product of hydrolysis. The yield 
of this ester was small, on account either of loss from the autodave, which 
was not quite tight, or of chemical changes. It was later found that the 
add could be better isolated by an alkaline hydrolysis. 

Acid Hydrolysis of Capsaicin. 

The conditions under which the add hydrolysis of capsaidn was car¬ 
ried out were identical with those described for methyl capsaidn. A 
crystalline hydrochloride was obtained, from which the free base was 
separated by dissolving in water and adding just sufficient 10% sodium 
hydroxide solution to neutralize the hydrochloric add. The liberated 
base separates rapidly in needles, which, freed from water of crystalliza¬ 
tion, melt at 132-133 °. On admixture with 3-hydroxy-4-methoxy- 
benzylamine (vanillyl amine), the synthesis of which will be described 
later, no depression in melting point occurs. The crystallographic proper¬ 
ties of the hydrochloride are identical with those of vanillyl-amine hydro¬ 
chloride. 

Synthesis of Vanillyl-amine. 

Vanillin oxime (7 parts by wdght) is dissolved in 20 parts of alcohol 
and reduced with 160 parts of 2.5% sodium amalgam, 14 parts of gladal 
acetic add bang gradually added, so as to maintain an add reaction in 
the mixture. The temperature of the reaction should not exceed 50-60°. 
The mixture is diluted with water and extracted with ether to recover 
unchanged oxime. An excess of hydrochloric add (suffident to liberate 
all tile acetic add and convert the base into a hydrochloride) is then 
added, and the solution is evaporated to dryness. The hydrochloride 
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of the base 3 s dissolved in boiling absolute alcohol and filtered from sodium 
chloride. It crystallizes from the alcohol on cooling and is recrystallized 
from boiling alcohol. The yields averaged about 65%. 

Optical Crystallographic Data. — In ordinary light, 3-hydroxy-4-meth- 
oxybenzylamine hydrochloride (vamllyl-amine hydrochloride) crys¬ 
tallizes in rods which break up into angular fragments. System probably 
monoclinic. Refractive indices [d°] (determined by the immersion 
method in organic liquids): a = 1.510, 0 = 1.705, 7 = 1.735, y — a =» 
0.225, all ±0.005. a is frequently seen in one direction, and an inter¬ 
mediate value between 0 and 7 in the other. In parallel polarized light: 
The birefringence is extreme, most of the grains showing pale hues of the 
fourth or fifth order. Extinction is often inclined, reaching a maximum 
of 35 0 . Elongation is usually negative. In convergent polarized light: 
Partial biaxial figures are often seen. The axial angle is moderately 
large, 2E = 70°. The sign is negative. Dispersion is strong, with 2E r < 
2E,. 

The free base is isolated by adding to a solution of the hydrochloride 
in lukewarm water an amount of 10% sodium hydroxide solution just 
sufficient to neutralize the hydrochloric add. An excess will unite with 
the phenolic hydroxyl and redissolve the base. On standing, the base 
separates almost completely in fine needles, and, being very slightly solu¬ 
ble in water, can lie washed on the filter. The melting point of the dried 
crystals is 131-133°- The material for analysis was dried at no°. 

Subs., 0.1903, 0.1592: CO,, 0.4399, 0.3652; H» 0 , 0.1220, 0.1056. 

Calc, for CiHiiNOj: C, 62.70; H, 7.24; N, 9.14. Found: C, 62.98. 62.56; H, 
7.12, 7.36; N, 9 ”. 9-07- 

The crystals of vanillyl amine, freed from adhering moisture by drying 
in a desiccator, wdghed and dried to constant wdght at 1 io°, lost weight 
equivalent to two molecules of water. 

Free vanillyl amine is very unstable, being easily decomposed by caus¬ 
tic alkalies and even by boiling water. In a dry form it keeps very well 
in the dark. In the light it gradually becomes yellow. 

Optical Crystallographic Data. — 3-Hydroxy-4-methoxy-benzylamine 
(vanillyl amine) is unsuited to complete optical characterization, as it is 
deddedly unstable, losing its water of crystallization at once on removal 
from the saturated aqueous solution. The following properties could be 
observed, however, on the crystals suspended in such a solution: In 
ordinary light: Crystallized in rods, probably bdonging to the rhombic 
system. Refractive indices could not be determined. In parallel polar¬ 
ised tight: The birefringence is very strong, second order colors bdng ex¬ 
hibited. The extinction is straight, and the dongation positive. In 
convergent polarised tight: Biaxial, but definite figures are rarely obtained, 
the acute bisectrix being apparently the long axis of the rods. 
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Alkaline Hydrolysis of Capsaicin. 

Twenty g. of capsaicin was mixed with 80 cc. of 25% sodium hydroxide 
solution and heated in a nickel vessel to 180 0 in an autoclave for 30 min¬ 
utes. Ammonia was split off and the base was decomposed but the add 
(previously detected as a product of add hydrolysis) was almost quanti¬ 
tatively recovered. The reaction mixture was diluted with water, satura¬ 
ted with carbon dioxide, and extracted with ether. A quantity of resinous 
and colored products of the decomposition of vanillyl amine is thus sep¬ 
arated. 

The alkaline solution has a dark color, due, no doubt, to the presence 
of pyrocatechin or other phenolic decomposition products from the amine. 
It was evaporated to dryness and the sodium salt of the add separated 
from sodium carbonate by boiling alcohol. 

The residue left on evaporating the alcohol was dissolved in water, 
addified with dil. sulfuric acid and distilled with steam. This operation 
required some time, as the acid distils slowly with steam. The distillates 
were extracted with ether and the solvent carefully evaporated. The 
yield was 11.1 g. 

The add was purified by distillation from a small flask at atmospheric 
pressure. It distils without decomposition at 258-261° (corr.). On 
titration with alkali, 0.5339 g. required 6.21 cc. o. 5 .V sodium hydroxide, 
giving 172 as the neutralizing equivalent. 

Subs., 0.1383, 0.1248, 0.1296: COj, 0.4075, 0.3231, 0.3338; H.O, 0.1517, o. 1213, 
(lost). 

Calc, for CicHuOt: C, 70.53; H, 10.66. Found: C, 70.20, 70.60, 70.24; H, 10.74, 
to.88. 

The add absorbs two atoms of bromine, yielding a dibromide, which, 
recrystallized from ethyl acetate, melts at 57-59°. 

Hydrogenation by Paal's method, using colloidal palladium, showed 
2.018 g. of the acid to absorb about 250 cc. of hydrogen (reduced to 0° 
and 760 mm.). The absorption was very slow and continued for 30 
hours. The theoretical absorption for one double bond in CioH ls Oj, 
using 2.0x8 g. of substance, is 264.8 cc. at o° and 760 mm. The add there¬ 
fore absorbs two atoms of hydrogen, and is a decylenic add. 

The boiling point of the saturated add obtained by hydrogenation is 
about 260°, and its melting point 24-25°. Admixture with capric add 
from coconut oil causes immediate liquefaction. Therefore the saturated 
add formed on hydrogenating the add from capsaidn is not capric 
add but an isomeric decylic add. 

The amide of the add obtained from capsaicin is a beautifully crystalline 
substance. It was prepared in the following manner: 1.2 g. of the add 
was mixed with o. 4 g. of phosphorus trichloride and allowed to stand for 
12 hours. It was then added drop by drop to 7.5 cc. of cone, ammonium 
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hydroxide, cooled in a mixture of ice and salt. The amide, which sepa¬ 
rated, was washed with 2% sodium hydroxide solution and recrystalliied 
from dil. alcohol. The melting point was 96-97° (corr.) 

Optical Crystallographic Data.—The amide of the decylenic acid from 
capsaicin forms beautifully pearly leaflets which are not, however, adapted 
for optical crystallographic measurement. In ordinary light, it is seen 
to be crystallized in overlapping plates, without definite crystal outline. 
The mean refractive index (determined by the immersion method in 
organic liquids) is approximately 1.55. In parallel polarized light: The 
birefringence is weak, only blue-gray interference colors being shown. 
There is no definite elongation nor extinction. In convergent polarised 
light, the crystals yield a somewhat hazy, biaxial interference figure, with 
the axial angle aE about 60° and the sign positive. 

The decylenic add from capsaicin crystallizes when cooled in a mix¬ 
ture of ice and salt and melts at about —5 0 . It is scarcely soluble in 
water and the silver and barium salts are insoluble in cold, and very 
difficultly soluble in boiling water. 

A decylenic add was prepared by Wallach 1 from mentbone oxime, 
and found to boil at 257-261°, but the melting point of the amide (104- 
105°) differs from that of the decylenic add from capsaidn. Wallach’ 
has also prepared a decylenic add from tetrahydro-carvone isoxime. 
This add boils at 257-260°, but the amide melts at 63-64°. The re¬ 
corded data on other decylenic adds are so meager that the identity of 
the add from capsaidn with some one of them can, at the present time, 
be neither established nor disproved. 

Constitution of Capsaicin. 

Capsaidn is a condensation product of vanillyl amine (3-bydroxy-4- 
methoxybenzylamine) and a decylenic add. Its constitution is there¬ 
fore represented by the following formula: 

OCHi 

HO< ^~ ^ >CH,NHCOC,H, t - C,»H„NO, 

The synthesis of substances analogous to capsaicin is at present in 
progress. Some of the substances thus far prepared are extremely pungent. 
Their description is reserved for a later communication. 

The writer is indebted to Dr. Joseph A. Ambler, of the Bureau of Chem¬ 
istry, for helpful suggestions. 

Waahmgtom, D. C. 

* Ann., 278, 312 (1894); 296, 130 (1897); 312, 199 (1900). 

• Hid., 312, 204 (1900); 323,323 (1902). 
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THE PREPARATION OF i,2-DICHLORO-ETHER. 

By E. A. Wildman and Harold Gray. 

Received April 28, 19)9. 

An investigation which was recently carried on involved the use of i,a- 
dichloro-ether, a substance which is not available on the market. An 
examination of the literature showed that the best method of prepara¬ 
tion was probably, by direct chlorination of ether, a method used by 
Fritsche and Schumacher, 1 although they did not give sufficient details 
to enable one to carry out the operation successfully. 

The ease with which chlorine and ether react is shown by the fact that 
a mixture of the two in gaseous form may ignite spontaneously. If a 
flask is filled with chlorine at room temperature and one or two cc. of 
ether poured in, there will usually follow within a moment a slight ex¬ 
plosion with ignition of the ether and the deposition of a quantity of 
soot. If during the chlorination of ether, particularly at the first, the tem¬ 
perature is not kept low by cooling with an ice-water bath, and the chlorine 
run in slowly, there is likely to be an accumulation of chlorine above the 
liquid which will result in the sudden ignition of the whole mass. As the 
reaction progresses, the ether becomes saturated with hydrogen chloride 
which decreases its inflammability and cooling is no longer necessary. 
The rate of passing in chlorine may also be much increased for the re¬ 
action takes place more rapidly than at first. 

There is another difficulty which enters when the ether becomes satura¬ 
ted with hydrogen chloride. The latter seems to dissolve to the extent 
that it forms a supersaturated solution when it suddenly escapes with 
almost explosive violence, carrying the ether along with it. In one case 
when 6 liters of ether were being chlorinated in a large wide-mouthed 
bottle the entire contents with the exception of about 500 cc. was ejected 
as if from a geyser. Occasional agitation of the material was not suffi¬ 
cient to prevent this. It was found necessary to agitate continuously by 
means of a rapidly revolving mechanical stirring device. 

The operation was carried out as follows: 

A two-liter flask was provided with a return condenser, an inlet tube 
for chlorine and an efficient stirring device connected by means of an oil 
seal in order that the escaping hydrogen chloride would be forced to go 
through the condenser. 800 g. of dry ether was placed in the flask and 
kept cold by a surrounding bath of ice and water. The ether was stirred 
from the beginning. After passing in a slow stream of chlorine for 35 
hours the specific gravity was o. 785 at 25 0 and hydrogen chloride began 
to be evolved freely. The temperature was then allowed to rise grad¬ 
ually to that of the room. At the end of 65 hours the specific gravity 
* An*., 279, 301 (1894). 
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was 0.89, and after 82 hours, 0.96. Chlorination was stopped at this 
point. 

The unchanged ether was distilled off under reduced pressure and the 
remaining material fractionated. There was obtained 375 g. of dichloro- 
ether, boiling from 66 to 69° at 45 mm., representing a yield of 24 2% 
of the theoretical amount. The material in the distilling flask remained 
colorless till near the end, when it became black and there was left a 
small residue of 65 g. 

It had previously been determined that chlorination should be stopped 
at about the point where the specific gravity was 0.96. In one trial dur¬ 
ing which it was carried on to the specific gravity 1. r 1 it was impossible 
to separate a pure fraction of diehloro-ether from the product. 

IifDiAHAFOua, Indiana 


I Contribution from thb Department op Chemistry, Columbia University, 

No. 323-1 

ACTION OF ENZYMES UPON STARCHES OF DIFFERENT 

ORIGIN. 

By H. C. Sherman, Florence Walker and Mary L. Caldwell. 

Received Mav 5, 1919 

O’Sullivan, 1 working with malt extract and precipitated malt diastase, 
reported that potato starch was less readily digested to maltose than were 
the starches of the cereal grains when all were gelatinized by heating in 
water at 97 0 and tested under like conditions. 

Stone, ! also working with malt extract, judging the action by the dis¬ 
appearance of the blue coloration with iodine, found potato starch more 
digestible than wheat starch, and maize starch less so than either. With 
saliva, Stone found potato starch more digestible than the cereal starches, 
and among the latter maize and rice starches appeared more digestible 
than that of wheat. Stone also reported potato starch more readily 
digestible than cereal starches by pancreatin and by taka-diastase. 

Ford* found the purified starches of rice, barley, maize, wheat, potato 
and arrow root when similarly prepared to be equally digested by malt 
extracts and attributed the differences found by other observers to the 
probable impurities in their starches. 

In view of the conflicting results thus shown by the earlier work and 
the fact that previous observers have in general worked with but few 
forms of amylase and these usually with no attempt at isolation, a more 
comprehensive study which should include observations upon purified 
enzyme preparations, as well as secretions and extracts, seemed desirable. 

1 O’Sullivan, J. Chem. Sac., 85, 616 (1904). 

* Stone, U. S. Dept. Agr., Office of Expt. Sta., Buli. 34. 

1 Ford, J. Sac. Chem. Ini,, 13, 414 (1904) 



1134 H. C. SHBKMAN, KLOR8NCB WAUEBR AND MARY h. CAUJWRU.. 


The present investigation indudes experiments upon the hydrolysis 
of wheat, maize, rice and potato starches by means of saliva, pancreatia, 
purified pancreatic amylase, malt extract, purified malt amylase, taka- 
diastase, and purified amylase of Aspergillus orysag. 

Earlier investigations in this laboratory have shown that, at least with 
some amylases, the results of comparisons based upon disappearance of 
material giving blue coloration with iodine are apt to be misleading, 1 
On the other hand, the gravimetric method which we have commonly em¬ 
ployed for the determination of the amount of reducing sugar formed from 
"soluble” starch was not applicable because of the difficulty in filtering 
the starch dispersions here studied. We therefore adopted the method 
of allowing the enzyme to act upon a i% dispersion of boiled starch for 30 
minutes at 40°, employing in each series of measurements such an amount 
of the enzyme solution as would result in the formation of about V* to V* 
of the theoretically possible amount of maltose, and finally determining 
the reducing sugar formed by titration against Fehling’s solution accord¬ 
ing to the well known volumetric method. 

The general plan of our work has been to obtain or purify each starch 
by several methods and to compare the digestibility or rate of transforma¬ 
tion into maltose of different starches when prepared by the same method 
and purified in the same manner and under the same conditions. 

Starches.—The starches used in these experiments were prepared in 
the laboratory from wheat flour, com meal, white rice, and mature pota¬ 
toes. Each of the 4 starches was prepared in 4 different ways: (1) wash¬ 
ing with water only, (2) with very dilute alkali, (3) with ether after wash¬ 
ing with water, (4) with ether after washing with alkali. 

In the preparation of starch from wheat flour or com meal, the material 
was mixed with distilled water to a stiff dough and kneaded in a cheese¬ 
cloth bag under distilled water. The starch suspension was then filtered 
through 4 thicknesses of cheesecloth to remove particles of cellulose 
or flocks of insoluble protein, then the starch allowed to settle and washed 
5 times by decantation with distilled water. A portion of each of these 
starches was then stirred thoroughly with cold 0.3% solution of sodium 
hydroxide and allowed to stand overnight at ice box temperature after which 
the alkaline liquid was decanted and the starch washed 4 times by de¬ 
cantation with ordinary distilled water and twice with the triply distilled 
water especially prepared for our enzyme work. In the case of wheat 
starch a second portion was washed with a more dilute alkali, o. 15% in¬ 
stead of 0.3% sodium hydroxide solution; and a duplicate portion of the 
com starch received two treatments with o 3% sodium hydroxide solu¬ 
tion, the subsequent washings with water being as stated above in all 
cases. 

1 Sternum and Schlesinger, This Joctxal, 35, 1784 (1913). 
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Rice starch was obtained by mixing finely ground, white rice with water 
and filtering through cheesecloth, then washing with water, 0.3% sodium 
hydroxide solution, water and triply distilled water as just described for 
the wheat and corn starches. 

Potato starch was prepared from pared and grated potatoes by filter¬ 
ing and washing as in the preparation of the cereal starches. 

After final washing, the starches were filtered on Biichner funnels by 
suction, dried first at room temperature and then in dry air at 30 to 40 °. 
Portions of the water-washed and alkali-washed starches were then washed 
with ether in Soxhlet extractors for 16 hours, then repeatedly with triply- 
distilled water and filtered and dried as just described. 

The actual starch content of each preparation was found by hydro¬ 
lyzing with hydrochloric arid and determining the amount of glucose 
formed. The amount of o 01 N add or alkali required to render each 
starch preparation exactly neutral to rosolic arid was also determined. 
For each enzyme experiment so much of any given starch preparation 
was weighed out as would contain just sufficient actual starch to make the 
required amount of 1% substrate, and the small amount of 0.01 N arid 
or alkali required for strict neutrality to rosolic arid was added before 
bringing the starch dispersion to final volume or before mixing it with 
enzyme solution. 

Enzyme Preparations.—The amylase preparations and other enzyme- 
containing materials used and the amount of each employed per too cc. 
of 1% starch dispersion were as follows: Pancreatic amylase prepara¬ 
tion No. 64, o. 1 mg.; pancreatin No. 8, 2 5 mg.; fresh saliva, 0.18 to o5 
cc.; malt extract, o. 15 ec.; malt amylase preparation No. 155, 0.25 mg.; 
amylase preparation No. 22 from Aspergillus orysae, o 4 mg.; taka-dias¬ 
tase, 9.0 mg. Each enzyme was used in the presence of such amounts 
of chloride and phosphate as were believed to afford the most favorable 
conditions for its action. 1 Special precautions regarding preparation 
and use of triply distilled water, selection and care of glassware, avoid¬ 
ance of unnecessary exposure to light, etc., were observed as explained 
in previous papers from this laboratory dealing with other phases of our 
study of the amylases. 

Method.—Amounts of the starch preparations sufficient in each case 
to furnish one gram of actual anhydrous starch were weighed out, mixed 
with a little cold water and gelatinized by pouring into boiling water and 
boiling for 3 minutes; then transferred to 100 cc. cylinders, neutralized, 
the necessary “activating” salts added and the mixtures brought to vol¬ 
ume, thoroughly mixed by stirring and placed in a 40° thermostat water- 

• The Influence of hydrogen ion concentration and of chlorides and phosphates 
has been discussed in several previous papers from this laboratory, This JouitNAt, 
19m to 1919. 
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bath. While the starch pastes thus prepared were reaching thetempera- 
ture of the water bath, flasks containing uniform amounts of the enzyme 
were prepared The substrate was then poured upon the enzyme, mixed* 
thoroughly, and maintained for 30 minutes at 40°, both time and tem¬ 
perature being very strictly controlled Finally the action of the enzyme 
was stopped by pouring into boiling water and quickly boiling the en¬ 
tire mixture, after which the reducing sugar which had been formed was 
determined volumetncally as explained above 
Results.— The results of typical experiments comparing different starches, 
similarly purified, with each other (or in some cases differently purified por¬ 
tions of the same starches) are given in the tables which follow. On 
account of the nature of the enzyme solutions employed and the character 
of the manipulations involved in these experiments, only those data be¬ 
longing to the same set of experiments—in general only the data m the 
same column of the same table—are directly comparable with each other 
in a quantitative sense 

Table I 

Action of Saliva, Pancreatm, and Purified Pancreatic Amylase upon Water-washed, 
and upon Purified, Starches 

% of starch hydrolysed in 40 tru« by 


Description 


Pan 

Pancreatic amylase 
Prep No 64 

of starch 

Siliv# 

crtatin 

Water washed 




Wheat starch 

56 8 

32 2 

42 8 

Maize starch . 

50 6 

2 J 1 

31 6 

Rice starch 

61 5 

36 I 

45 8 

Potato starch 

67 7 

39 7 

47 2 

Alkali washed 




Wheat starch 




(03% NaOH) 

65 5 

38 2 

46 0 

(0 rj% NaOH) 


38 4 


Maize starch 




(03% NaOH once) 

66 3 

38 3 

46 7 

(03% NaOH twice) 


37 9 


Rice starch . 

65 7 

38 3 

46 4 

Potato starch 

67 0 

39 4 

34 0 

The figures in any one column of Table I 

show that 

purification by 


washing with dil alkali has a pronounced effect upon the comparison of 
the different starches with reference to their digestive hydrolysis. Potato 
starch is practically as pure and as accessible to saliva or pancreatin when 
merely washed with water as after purification by washing with dil. alkali, 
while water-washed maize “starch” contains impurities which markedly 
retard its digestion To a less extent the same is true of wheat, while 
rice starch is almost as readily digested in the water-washed as in the alkali- 
washed condition It is evident that the increased digestibility erf the 
wheat and maize starches when purified by washing with dil alkali is due 



ACTION OP ENZYMES ON STARCHES. 


U87 


to the removal of other material such as fatty or waxy matter, and not to 
predigestion of the starch itself by the alkali, since wheat starches treated 
with 0.15% and with 0,3% sodium hydroxide solutions are equally di¬ 
gestible and maize starch treated twice with the dil. alkali was not more 
digestible than that treated once. The low result obtained in the action 
of purified pancreatic amylase upon purified potato starch suggests the 
removal during purification of something essential to the optimum activa¬ 
tion of the enzyme. This will be discussed in a later paper. 

Table II 

Action of Pancreatin and Purified Pancreatic Amylase upon Alkali-washed and upon 
Ether-washed Starches. 


Description 

% of starch hydrolyzed in 30 min. by 

Pancreatic amylase. 

of starch 

Pancreatin 

Prep No 64 

Alkali-washed: 

Wheat starch. 

. 41.8 

46 0 

Maize starch. 

. 42 5 

46 7 

Rice starch. 

. 42 5 

46.4 

Potato starch. 

. 43 0 

34 0 

Ether-washed: 

Wheat starch. 

. 36.7 

41.9 

Maize starch. 

. 39-4 

43-7 

Rice starch. 

. 39 -t 

463 

Potato starch. 

. 43 -o 

46-3 


Examination of Tables II and III shows that tire removal of fatty matter 
by ether tends to render the cereal starches more accessible to the enzymes 
as does purification with dil. alkali but not always to the. same extent. 
Thus the low results obtained with water-washed maize starch might be 
attributed chiefly to fat which it contains, but the hydrolysis of rice 
starch by the purified aspergillus amylase is evidently retarded by material 
which is not removed by ether but is removed by washing with dil. alkali, 
as shown by comparison of Tables III and IV. 

Table III. 

Action of Different Enzymes upon Water-washed and upon Ether-washed Starches, 


% of starch hydro!vied in 30 nun. by 

Pancreatic Ma!t Aspergillus 

Description Ptin- amylase amylase amylase, 

of starch creutiu Prep No. 64 Prep L 55 . Prep, No. 22 . 

Water-washed: 

Wheat starch. 40,4 39.1 38.3 43.3 

Maize starch. 29.1 27.3 36.8 31.5 

Rice starch. 40.5 42.4 39.6 15.2 

Potato starch. 44.9 43 8 42.2 42.9 

Ether-washed: 

Wheat starch. 43.j 39.7 38.6 42.6 

Maize starch. 44.3 41.8 39.0 39.9 

Rice starch. 44.0 44.0 39.8 21.9 

Potato starch. 44.6 44.0 42.3 40.1 
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Tabus IV. 

Comparative Digestion of Different Starches when Purified by Washing with Dii. 

Alkali. 

% of starch hydrolyzed in 30 mla. by 


Kind of 

Starch 

Saliva. 

Pfto- 

creatin. 

Pancreatic 

amylase 

Prep. 

No. 64 . 

Malt 

extract. 

Malt 
amylase. 
Prep. 155 . 

T*i«- 

dlutue. 

AzptreJUtn 
■tnjruun. 
Pltn. 22. 

Wheat. 

40.a 

38.3 

41* 

34.5 

34 5 

48.2 

37 8 

Maize. 

40.6 

38.9 

4*-4 

54-8 

33.6 

44-7 

39-7 

Rice. 

•• 4 > 3 

3 8-9 

42.1 

54-5 

35-4 

48.3 

397 

Potato. 

• • 43-5 

394 

29-0 

56 8 

33 2 

52.4 

38.2 


Tabus V. 

Comparative Digestion of Different Starches when Purified by Washing with DO. 


Alkali and with Ether. 

% of starch hydrolyzed in 30 sals, by 

Pancreatic Malt Aapergflltu 

Kind of Pan- amylase Malt amylase Taka* amylaae. 

Starch creatin. Prep. 64. extract Prep 153. diastase. Prep. 22. 

Wheat. 40.7 39.0 53 1 38.7 43 3 39-8 

Maize. 41.0 39.8 52.3 39-1 4*-7 39 5 

Rice. 4t 5 39 8 53.3 39 4 43 * 39-5 

Potato. 44 4 27-7 55 4 40 7 4<»-° 4* 2 


Tables IV and V show that wheat, maize and rice starches, when sim¬ 
ilarly purified by washing with dil. alkali or alkali and ether, are of equal 
digestibility asjneasured by the method here used. This is true for each 
of the 3 typical amylases employed and regardless of whether the amylase 
was used in commercial or purified form. Except with purified pan¬ 
creatic amylase 1 potato starch shows a digestibility or rate of enzymic 
hydrolysis equal to or slightly greater than that shown by the cereal 
starches. Thus with the single exception already noted, each column in 
Table V shows a slightly higher yield of maltose from potato starch than 
from the cereal starches tested (the variations among the latter being 
probably no greater than the possible error of experiment). In this con¬ 
nection it may be stated that preliminary results obtained in this labora¬ 
tory by Dr. K. Hattori, in a study designed to compare the rate of hy¬ 
drolysis of rice and potato starches by means of saliva throughout the 
course of digestion, have shown a slightly higher yield of reducing sugar 
from the potato than from the rice starch, the difference becoming per¬ 
ceptible when about 40% of the starch has been transformed to maltose 
and increasing gradually as the digestion is carried farther, probably be¬ 
cause of a larger yield of relatively resistant dextrin from the rice, than 
from the potato, starch. 

Conclusion. 

When similarly purified by washing with very diL alkali, wheat, maize 
and rice starches show the same digestibility in the sense that under the 
1 The abnormally low results in this single caw wffl be rilwu mA in a later paper. 
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action of the same kind and amount of amylase they are all transformed 
into reducing sugar at essentially the same rate. This is true whether 
the digestive agent be saliva, pancreatin, purified pancreatic amylase, 
malt extract, purified malt amylase, taka-diastase, or the purified amylase 
of Aspergillus oryzae. 

As obtained by washing with water only, potato starch is almost pure, 
but the cereal starches appear to contain sufficient amounts of fatty or 
waxy matter to interfere to an appreciable extent with the action of the 
enzymes upon the starch even after the latter has been dispersed by boil¬ 
ing in water for 3 minutes. This was true to a greater extent of the maize 
than of the wheat starch, a finding in accordance with the results of natural 
digestion experiments 1 which emphasize the importance of such prepara¬ 
tion of maize products as shall ensure their very thorough mastication 
and admixture with saliva. 

Potato starch shows in general a rate of enzymic hydrolysis equal to or 
slightly greater than that of the cereal starches. As here tested, it is as 
readily acted upon in the water washed as in the more highly purified 
condition. The only case in which the potato starch has shown a dis¬ 
tinctly lower rate of hydrolysis than that of the cereal starches, is one in 
which both starch and enzyme were employed in a highly purified condi¬ 
tion. This tendency to abnormally low results is readily corrected by 
suitable additions to the digestion mixture as will be shown in a subse¬ 
quent paper. 

We are greatly indebted to the Carnegie Institution of Washington for 
grants in aid of this investigation. 

N«w Yoke, N Y 


[Contribution from tub Chbmjcai, Laboratory of Auhkrst Collbob.] 

THE ACTION OF CUPROUS CHLORIDE WITH COMPOUNDS 
CONTAINING THE TRICHLOROMETHYL GROUP. 

By Howard Watbrs Doughty. 

Received M»y 7, 1919. 

In 1917 the present writer published a preliminary report* on the “Hy¬ 
drolysis of Organic Halides and the Corrosion of Metals,” in which it 
was shown that when compounds which contain the trihalogen-methyl 
group are brought in contact with copper in ammonia water, the copper 
goes into solution as ammono-cupric halide. 

The facts that no evolution of gas is observed during the reaction, and 
that copper is oxidized to the cupric condition indicate that the reaction 
is not a simple hydrolysis, but that there is probably a condensation due 
to the presence of the ammonia, in which the heat of formation of the 
1 Sherman and Winters, J. Biol, dm., 35, 301 (1918). 

' Tma JoumwAt,, 39, >685 (1917)- 
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cupric halide as well as the “heat of ammonation” of the cupric ion play 
an important part. This feature will be dealt with more in detail in a 
subsequent contribution now in course of preparation. 

In Experiment 15 of the previous contribution 1 it was shown that when 
a piece of copper foil is suspended in ammonia-water above and out of 
contact with carbon tetrachloride, the copper goes into solution very 
slowly, the solution around the copper remains colorless, and the solution 
at the zone of contact between the liquids acquires the deep blue color 
of the ammono-eupric ion. It was suggested that this behavior indicates 
that the course of the reaction involves solution of the copper as cuprous 
ion, with subsequent oxidation by the organic compound, which contains 
the trlchloromethyl group. Bearing in mind the ease with which cuprous 
chloride is oxidized in ammoniacal solution, it appeared probable that 
cuprous chloride might be substituted for copper in the experiments pre¬ 
viously recorded. If such should be the case it would afford a rapid and 
convenient means of demonstrating the presence of a trihalogen-methyl 
group in organic compounds provided the oxidation does not take place 
with compounds containing groups other than the trihalogen-methyl. 
The following experiments were performed to ascertain the applicability 
of this reaction as a test for the trichloro- and tribromo-methyl groups in 
organic compounds: 

Procedure. —A few milligrams of the sample arc placed in a small glass- 
stoppered bottle of 10 to 15 cc. capacity. (A test-tube with cork stopper 
can also be used.) The bottle is filled with cone, ammonia water. About 
0.5 g. of powdered cuprous chloride is added and the stopper is quickly 
inserted, thus forcing out excess of liquid and excluding air. The bottle 
is shaken to dissolve the cuprous cliloride. A blank test must be made 
for purposes of comparison. 

In all cases in which a trichloro- or tribromo-methyl group was known 
to be present the deep blue color of the ammono-cupric ion developed 
within 5 minutes except in the case of hexachloro-ethanc. In all other 
cases the development of color was much slower or failed entirely. The 
following table shows the results of the test as applied to various sub¬ 
stances: 


I. Positive Test within 5 Minutes. 

Substance. Remarks. 


Trichloro-aeetic add. 
Ethyl trichloro-acetate. 
Chloral hydrate. 
Dichioro-acetic add.* 


Instantaneous action. 
Dark blue in 2 minutes. 
Dark blue in 2 minutes. 
Dark blue in 3 minutes. 


1 This Journal, 39, 2688 (1917). 

* The purity of the dichioro-acetic add in respect to small amounts of trichloro¬ 
acetic add or chloral is open to question. Very small amounts of either substance 
would account for this behavior. 
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Substance. 

Remarks 

Carbon tetrachloride. 

Muddy, dark red solution, changing to 
dark blue in 2-3 minutes. 

Chloroform. 

Similar to carbon tetrachloride, but the 
red color is more persistent. 

Bromoform. 

No red color; green changing to dark 
blue in j minutes. 

Chloropicrin. 

Green, changing to dark blue in 2-3 
minutes. Yellow precipitate. 

Pentachloro-ethane. 

Rapidly darkening blue color. 

II. 

No Positive Test in 5 Minutes. 

Hexachloro-ethane. 

Slight action at first, but dark blue at 
surface of contact after several hours. 
Crystals liquefy. 

Iodoform. 

Dart blue at surface of contact, but did 
not increase rapidly. 

M onochloro-acetic acid. 

No action. 

Ethylidenc chloride. 

Cloudy amethyst color in 10 minutes. 

Ethylene chloride. 

No action 

Ethylene bromide- 

No action. 

Ethyl bromide. 

No action. 

Butyl bromide. 

No action. 

Isobutyl bromide. 

No action. 

Benzyl chloride. 

No action. 

Trichloro-ethyleue. 

Slow action, dark in 24 hours. 

Tetrachloro-ethylcne. 

Slow' action, pole amethyst in 3 days. 

Acetylene tetrachloride. 

Slow action. 

Nitrobenzene 

Brown precipitate in 3 hours. No blue 
in solution. 

m-Dinitrobeiizene. 

No color. Crystals changed to fluffy, 
white precipitate, filling tube. 

Ammonium nitrate. 

No action. 

Collodion. 

Very slow action at contact surface. 

Smokeless powder. 

Like collodion. 

Benzaldehyde. 

No action. 

BeruenesuUonic acid. 

No action. 

Benzeneseleuonic acid. 

No acid. 

Benzoyl peroxide 

Slow action, marked after 4 hours. 


From these experiments it is evident that this method can be used with 
considerable confidence in testing for the presence of the trichloro- or 
tribromo-methyl group in a compound, or even the detection of such 
compound in a mixture. The test is quickly made and requires only a 
very small amount of the substance; not much more than is needed for a 
determination of the melting point. 

The study of this reaction is in progress in this laboratory, particularly 
as regards the action with the chloro-acetic adds. 

Awnur, Mass. 
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SOME FACTORS BEARING UPON i,6-ADDITION. 1 

Bt Tenney L. Davis. 


Received May 7, 1919. 


That 1,6-addition sometimes takes place has been demonstrated by 
Straus,* who showed that, in the dichloride which is formed when dnnamyl- 
idene-acetophenone is treated with phosphorus pentachloride, the two 
chlorine atoms are in the i,6-positions with reference to one another. 
Cinnamylidene-malonic acid when treated with sodium amalgam takes 
up two hydrogen atoms, and the compound which is formed has been 
shown by Riiber® to be i ,4-hydrocinnamylidene-malonic acid. Its 
formation is probably due to primary addition of hydrogen in the 1,6- 
positions and subsequent rearrangement of the product—just as the re¬ 
duction of cinnamic add under similar conditions is probably due to 1,4- 
addition. 


C OH 
OH 


/COOH 

C«Hi—CHj—CH mm CH—/OH 

v c 

/COOH 

C«Hi—CHi—CH = CH—CH<( 

''COOH 


The interesting question arises whether 1,6-addition will take place in a 
similar manner with a substance which lacks the middle one of the 3 un¬ 
saturated linkages that go to make up the i,6-conjugated system. 

The 1,4-hydrocinnamylidene-malonic add, which is the immediate 
product of the reduction, has been shown by Riiber to undergo slow re¬ 
arrangement into the 3,4-compound, which is evidently more stable. 
Moreover, Hinrichsen and Triepel 4 found that the primary addition 
product of bromine and cinnamylidene-malonic ester is the 3,4-compound— 
in the case where i,6- or 14-addition with the carbonyl group involved 
was impossible or altogether unlikely, with bromine. 

Thiele and Meisenheimer have found that hydrocyanic acid adds to 
cinnamylidene-malonic ester in the a d-positions instead of in the dis¬ 
positions as they expected.* This addition, however, is probably not 
1,2-addition to the unsaturated linkage, but, in view of the comport- 

* An abstract of part of a thesis submitted to the Division of Chemistry of Harvard 
University in fulfilment of the requirements for the degree of Doctor of Philos¬ 
ophy. June 1917. The research was suggested by Professor Elmer P. Kohler and 
was carried out at the University of California where I was a guest. Grateful acknowl¬ 
edgment is hereby made to Prof. Kohler fen helpful advice and to the University of 
California for laboratory facilities.— T. I,. B. 

1 Straus, Ann., 370,313 (1909). 

•Riiber, Ber., 35, *311 (1903). 

4 Hi n ri chsen and Triepel, Ann., 335, 196 (1904). 

1 Thiele and Meisenheimer, Ibid., 306, 347 (1899). 
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taent of this compound with the Grignard reagent, is probably i ^-addi¬ 
tion where the carbonyl group is involved. 


C»H*—CH =» CH—CH 



■ C»Hi—CH *=CH—ch(cn; 


C«Ht—CH =CH—CH(CN)—CH' 


/COOCfi, 

h~<\ /oca* 

XT 

/COOCH, 
XXX)CH, 


E- P- Kohler and Miss Marie Reimer 1 and their co-workers have found 
that dnnamylidenemalonic ester, a-methyl and or-cyan-tinnamylidene- 
acetic ester, and other analogous compounds which contain a i ,6-conju- 
gated system, combine with the Grignard reagent in the 1,4-positions, 
the 5,6-unsaturated linkage being unaffected. They also react 1,2-, the 
carbonyl group being involved and the alkoxyl group being replaced by 
the hydrocarbon residue which is in combination with the magnesium, 
the relative amounts of 1,2- and of 1,4-addition depending in these cases 
upon the relative rates at which the Grignard reagent combines with the 
1,2- and with the 1,4-systems. 

It seemed of interest to examine by experiment whether 1,6-addition 
could be made to take place in a compound in which the possibility of 
1 ^-addition was eliminated by the lack of the unsaturated linkage in the 
3,4-position. 

Barbier 5 experimented with one such compound. By allowing natural 
methyl-heptenone to react with methyl iodide in the presence of metallic 
magnesium, he obtained 2,6-dimethyl-heptene-2 0I-6, indicating that 
with that substance only the carbonyl group is involved when it reacts 
with methylmagnesium iodide. 

In the present investigation 2,4-diphenyl-butene-3 add-i was syn¬ 
thesized. This substance differs from similar substances which have been 
found to enter into 1,6-addition reactions by the lack of an unsaturated 
linkage in the 3,4-position; and, if it were to combine 1,6- with hydrogen, 
the carbon atoms occupying the 2- and 5-positions would become linked 
directly to one another, and the resulting cydobutane derivative, having 
two hydroxyl groups oa the same carbon atom, would lose water to form 
a ketone—which* could be easily identified by its properties. 

OH 

| CHr—C=0 

C*Hp-CH *=CH—CH(CtHj)—CH,—C =0 + H,—► | j +H|0. 

• C*H»CH—CH—CH«—C«H» 

1 Kohler and Reimer, Am. Chem. J„ 33, 333 (1903); Reimer, Ibid., 38, 2*7 (1907); 
Reimer and Reynolds, Ibid., 40, 428 (1908); 48, 206 (191a); Reynolds, Ibid., 46,198 
(1911). 

* Barbier, Compt. rend., u8, no {1899). 
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It was found, however, that the acid is not reduced when boiled with 
zinc dust and acetic add, or when its sodium salt in aqueous sol ution was 
treated with sodium amalgam. It reacts with phenyl-magnesium bro¬ 
mide to form an unsaturated tertiary alcohol. This substance, there¬ 
fore, in its comportment toward nascent hydrogen and toward the Grignard 
reagent, reacts differently from substances similar to it but differing 
from it by having an unsaturated linkage in the a,0-position, its ■y.S-un- 
saturated linkage not being affected by either of these reagents; and the 
results indicate that a 3,4-unsaturated linkage is somehow a necessary 
factor for the accomplishment of 1,6-addition. 

Experimental Part 

2,4-£>iphenyl-butene-3 add-i was prepared by hydrolyzing the addi¬ 
tion product of malonic ester and benzal-acetophenone, by reducing the 
5 -ketonic acid so obtained, and by splitting off water and carbon dioxide 
from the resulting hydroxy acid. 

COhCH = CH—CO—C»H» 1 

CeH,—CO—CHj—CH(C«H»)—CH(COOCH «)j 

C«Hs—CO—CHj—CH(C*H,)—CH(COOH), 

/ 

CjHj—CH (OH)—CHr-CH (C«H»)-CHj(COOH), 

/ 

C«Hj—CH(OH)—CH«—CH (C.H,)-CHr-COOH 

/ 

CtK,—CH = CH—CH(CoHs)—CHa—COOH 

Benzal-acetophenone was condensed with methyl and with ethyl 
malonate by the method recommended by Kohler. 1 The ketone was 
boiled under reflux for half an hour with about its own weight of absolute 
alcohol, slightly more than one equivalent of malonic ester, and enough 
sodium alcoholate to give the solution an alkaline reaction to litmus. 
The mixture was cooled at once at the tap, and seeded. The crystals 
which separated were filtered off and washed, and a second crop of crys¬ 
tals was obtained from the mixture after it had been allowed to stand over¬ 
night. The yields were good—about 80% of the calculated quantity. 

The 2,4-diphenyl-butanone-4 diacid-1,1 methyl or ethyl ester hydrol¬ 
yzes readily. It was dissolved in warm alcohol and twice the equivalent 
quantity of potassium hydroxide in a small quantity of water was added 
while the mixture was shaken. When the alkali was added, the colorless 
1 Kohler, Am. Chem. J., 46,474 (1911). 
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solution instantly took on a yellow or orange color, and, after a moment's 
shaking, set to a stiff, pasty mass of crystals. It was allowed to stand for 
two days, at the end of which time the white needle crystals were filtered 
off and washed thoroughly, first with alcohol and then with ether. The 
product so obtained dissolved readily in water to yield a clear, colorless 
solution. During the hydrolysis some of the substance reverted to benzal- 
acetophenone, thus reducing somewhat the yield of the potassium salt. 
In general, the weight of the potassium salt which was obtained was 
greater than that of ester which was used: the best yield was 270 g. of 
potassium salt from 200 g. of ethyl ester. 

The reduction of the ketonic acid yielded an acid reaction product 
which was very soluble in ether. The ether deposited crystals which were 
so soluble in ether that they could not be washed on the filter. The 
mother-liquors were viscous and difficult to handle. They finally set to 
a pasty mass of very small crystals, and this at length dried to a white, 
brittle, powdery mass. This white, brittle mass was worked up directly 
with acetic anhydride, for it was found that this part of the synthesis 
went smoothly and that good yields of the unsaturated acid were obtained. 

Reduction of the 5 -Ketonic Acid.—In one experiment 103 g. of the potas¬ 
sium salt was dissolved in a liter of water in a tall, glass cylinder and a 
large excess of sodium amalgam—2 r g. of sodium in 900 g. of mercury— 
was thrown in. After 4 days, when the reaction appeared to be over, 
the solution was iced, made acid with hydrochloric add, and shaken out 
with ether. The material deposited from the ether could not be manip¬ 
ulated and it finally yielded a crystal mush weighing 77 g. This was 
taken up in a hot mixture of benzene with a little methyl alcohol, and sub¬ 
jected to a systematic fractional crystallization. There was obtained 2 
g. of a pure substance which was evidently— 

0 ,S-Diphenyl-i-hydroxy-butyric Acid Lactone, 

C*H«—CH—CHf—CH(C,Hi)—CH, .—It crystallizes from ethvl alcohol in 

1 I 

beautiful, transparent, colorless needles, melting at 113-114 0 without 
decomposition. The crystals are not soluble in sodium carbonate solu¬ 
tion either hot or cold. Their solution in alcohol gives a marked yellow 
color with one drop of ferric chloride solution—a much deeper color then 
results when one drop of ferric chloride is added to the same amount of 
pure alcohol. Half a gram of the substance boiled for half an hour with 
about 5 times its weight of acetic anhydride was recovered unchanged 
when the acetic anhydride was poured into water, the water shaken out 
with ether, and the ether allowed to evaporate. The substance dissolves 
in wet alcoholic potash and there is no precipitate when the alcoholic 
solution is diluted with a large quantity of water; but, if this solution is 
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made add and extracted with ether, the ether deposits the original sab- 
stance. These are the properties of a lactone. 

Calc, for CipHmOi: C, 80.95; H, 6.347. Found: C, 80.89; H, 6.518. 

The properties of the substance and its composition indicate that it is the 
6-lactone. 

The conjunction of the two facts, that the substance was not altered by 
boiling with acetic anhydride, and that it did not appear in the product 
of any of the experiments in which the crude product of the reduction was 
boiled with acetic anhydride, indicates that it was probably formed, not as 
an intermediate product of the reduction, but because of the manner in 
which the reduction product was handled. 

In another reduction experiment 270 g. of the potassium salt was treated, 
as before, with sodium amalgam consisting of 21 g. of sodium and 900 g. 
of mercury After 4 days the aqueous solution was iced and acidified 
with hydrochloric acid. An oil separated. The sides of the container 
were scratched with a glass rod, and the next morning it was found that 
the oil has solidified to a mass of crystals These, washed with water 
and dried, melted at 114-117 0 with decomposition. By fractional crys¬ 
tallization from benzene with a little methyl alcohol, and by extraction 
of the lower melting fractions with hot water, two substances were isolated— 
(a) the hydroxy-malonic arid derivative which constituted perhaps 3% 
of the reaction product, and (6) jS,6-diphenyl-6-hydroxy-butyric arid which 
made up the large part of the reaction product. 

2,4-Diphenyl, 4-Hydroxy-butane, Diacid-1,1 crystallizes from warm 
water, in which it is fairly soluble, in wart-like masses of colorless, radia¬ 
ting, stout needles which melt at 190-195° and turn brown and give off 
gas at the melting point. It is readily soluble in sodium carbonate solu¬ 
tion from which it liberates gas. 

Calc, for CisHutVaHtO: C, 61.72; H, 6.285. Calc, for C,»Hi,0*.3H,0: C, 58.65 
H, 6.570. Found: C, 60.64, 59-96; H, 5.572, 4.831. 

The properties of the substances are in accord with the belief that it is 
a malonic arid derivative. It seems probable therefore that it is 2,4- 
diphenvl, 4-hydroxy-butane diadd-1,1 which had crystallized with two 
molecules of water and which had decomposed slightly, losing some carbon 
dioxide and some of its water. 

d^-DiphenyI-6-hydroxy-butyric Acid is but little soluble even in hot 
water. It dissolves readily in sodium carbonate solution. It crys tallizes , 
with half a molecule of water of crystallization, in colorless needles from 
benzene and in pearly flakes from alcohol, and melts at 154-154.5 0 with 
the evolution of gas but without the production of any color. 

Calc, for a[CuHi« 0 »] HjO: C, 73.10; H, 6.861. Found: C, 73.08; H, 6.603. 

The structure of this add is demonstrated by its properties and oomposi- 
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tion, and by the fact that it yields the desired unsaturated when 
it is boiled with acetic anhydride. 

Elimination of Water from the Reduced Acid.—Since it was found that 
the principal product of the reduction is a substance that yields the de¬ 
sired unsaturated add when it is boiled with acetic anhydride, and since 
it was found that the unsaturated add is much easier to isolate from 
its reaction mixture than the corresponding hydroxy-add, it was found 
expedient to treat the crude product of the reduction at once with acetic 
anhydride without previous purification. The yields were fair. Two 
typical experiments are described. 

18 g. of the white, brittle crude reduced add was boiled for an hour 
with 50 cc. of acetic anhydride to which 8 drops of cone, sulfuric add had 
been added. The mixture was poured into ice-water An oil separated. 
After standing overnight, the oil had become a sticky solid This was 
washed in water and dried in a vacuum desiccator—yielding 18.8 g. of a 
brown putty-like mass which smelled strongly of acetic add. This was 
taken up in hot benzene and the solution yielded crystals from which, 
after several crystallizations, 9 6 g. of the pure unsaturated add was ob¬ 
tained. The residue was a tar from which nothing further could be iso¬ 
lated. 

82 g. of the crude reduced acid was boiled for an hour with 200 cc. of 
acetic anhydride to which about one cc. of cone, sulfuric add had been 
added. The mixture was poured into water and allowed to stand for two 
days. The black, putty-like mass which resulted was recrystallized from 
benzene, yidding 23.6 g. of the pure unsaturated add. 

2,4-Diphenyl-butene-3 Acid-i crystallizes from benzene in colorless, 
rhomb-shaped needles, m. p. 124-125°. It is somewhat soluble in hot 
water, from which it is deposited, when the solution cools, in transparent 
needles. It dissolves readily in aqueous sodium carbonate solution, and 
the solution discharges the color of permanganate instantly. 

Calc, for CijHmOj: C, 80 95; H, 6.34. Found. C, 80.00, 8096; H, 6.421, 6404. 

Molecular- weight determinations by measurement of the freezing points of benzene 
solutions gave the figures 537.9 and 439.0. 

Calc, for (CiiHuOth: 504. 

It appears therefore that the add exists in benzene solution in the form 
of a double molecule. The structure of the add is demonstrated by the 
fact that it yields benzoic add and phenyl-succinic add on oxidation. 
CaH*—CH = CH—CH(CtH*)—CHj—COOH + 4 [0] —*• 

CaH*—COOH -f C*H t —CH(COOH)—CHi—COOH. 

When a boiling aqueous solution of the sodium salt was oxidized with 
potassium permanganate, the odor of benzaldehyde appeared, and, later, 
the odor of benzoic add. Nothing but benzoic add could be isolated from 
the reaction product. When the oxidation was carried out in an iced 
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solution, the manganese dioxide dissolved by the addition of sulfurous 
add, the solution made add and shaken out with ether, the ether deposited 
an oil which smelt strongly of benzaldehyde. After standing for a few 
weeks in the laboratory, the oil showed the presence of crystals; the odor 
of b enzal dehyde had disappeared and an odor of aliphatic aldehydes re¬ 
mained. At the end of 8 weeks, the mass had crystallized in large part. 
By fractional crystallization and by extraction of the higher melting frac¬ 
tion with chloroform, the material was divided into benzoic acid and 
phenyl-succinic acid, which were identified by their melting points. 

2,4-Diphenyl-butene-3 Acid-x Methyl Ester.—The methyl ester first 
obtained by the action of methyl iodide in ether solution on the silver salt 
of the add proved to be an oil, and the usual expedients—such as scratch¬ 
ing with a glass rod, leaving in a vacuum desiccator, or freezing the methyl 
alcohol solution with liquid air—failed, to make it crystallize. A few 
drops, however, in the bottom of a beaker finally crystallized in white 
needles after a month’s standing in the corner of the laboratory. With 
this seed at hand, the preparation of a larger amount was carried out suc¬ 
cessfully. The ester crystallizes from methyl alcohol in beautiful, radiating 
dusters of thick, transparent needles, m. p. 47-8°. In acetone solution 
it discharges the color of permanganate instantly. 

Calc, for CisHmOi: C. 81.31; H, 6.766. Found' C, 81.16; H, 7.423. 

0 , 5 -Diphenyl-i-hydroxy-butyric Acid Self Ester was obtained as a by¬ 
product in one preparation of the unsaturated acid, and in one only. The 
experiment in which this substance was obtained differed, so far as I know 
in no essential respect from similar experiments in which none of the sub¬ 
stance appeared. 31 g. of the crude reduction product of the ketonic 
add was boiled for half an hour with 100 g. of acetic anhydride to which 8 
drops of cone, sulfuric add had been added, the mixture was treated with 
■water, and shaken out with ether. The ether deposited crystals which 
yielded, on recrystallization from benzene, 8 g. of a pure substance which 
crystallized from benzene in colorless, transparent needles, m. p. 92-94 0 . 
The substance is not soluble in sodium carbonate solution and, when 
warmed with a strong solution, it melts but does not dissolve. Its solu¬ 
tion in acetone reduced permanganate rapidly but not instantly. 

Calc, for C«HbO«: C, 80.95; H, 6.347. Found: C, 81.17, 81.36; H, 6.066, 5.987. 

The analysis is in good agreement with the belief that this substance 
is the “self ester” of / 9 , 5 -diphenyl, 5 -hydroxy-butyric add, formed from 
that add by the combination of two molecules and the consequent elimina¬ 
tion of two molecules of water. 

C«Ht—CH—CH,—CH(C»H|)—CH«—CO 



\ / 

CO—CHj—CHfCjHt)—CHi—CH—C»H., 
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This hypothesis was verified by experiment. A quantity of the sub¬ 
stance was dissolved in wet alcoholic potash and the solution was allowed 
to stand for 3 days. On diluting it with a large quantity of water, there 
was no precipitate. The solution was made add and shaken out with 
ether. The ether deposited the expected acid in a state of purity. 

Attempts to Reduce the Unsaturated Acid—3 g. of 2,4-diphenyl- 
butene-3 add-i was dissolved in aqueous sodium carbonate solution in a 
50 cc. graduate, and sodium amalgam, consisting of one g. of sodium and 
50 g. of mercury, was thrown in. After several days, when the evolution 
of gas had ceased, the solution was addified and shaken out with ether. 
From the ether only the original add and no other substance was ob¬ 
tained. 

A repetition of the experiment gave the same result. 

5 g. of the add, 30 g. of zinc dust, 60 cc. of glacial acetic add, and 5 cc. 
of water were boiled together under reflux for two hours. The mixture 
was treated with water and ether, and the ether proved to contain only 
the original acid and no other substance The unsaturated add, there¬ 
fore, is not reduced under these conditions. 

Reaction of the Methyl Ester with Phenyl Magnesium Bromide.—The 
methyl ester reacts in dry ether with two equivalents of phenyl-magnesium 
bromide Immediately upon mixing the substances, there is a white pre- 
dpitate, and indeed the entire appearance of the reaction is similar to 
that of the reaction of ethyl benzoate and phenyl-magnesium bromide. 
Two reactions are possible 

CtHt—CH = CH—CH(C,H t )—CHi—COOCH, . n , 

+ zGHJdgBr J * M?BK>CH * + 

{ C«H[—CH — CH—CH(CiH«)—CH*—C(C«H t )jOMgBr 

^ HI 

' (CtHjljCH—CH—C(CnH s )OMgBr 

1 I 

C*Hi — CH — CHi (II] 

The product, which is obtained in a state of purity when the reaction 
mixture is treated with water, reduces permanganate in acetone solution 
indicating that the reaction is in accord with the first of the two equations 
above and that the 7,6-unsaturated ester does not react in the 1,6-posi¬ 
tions with the Grignard reagent under these conditions. 

The product of the Grignard reaction consisted of only one substance, 
crystallizing from hot alcohol, in which it was not very soluble, in beauti¬ 
ful, colorless, thin needles, hi. p. 138-139°. A solution of the substance 
in acetone discharges the color of permanganate instantly. It dissolves 
in cone, sulfuric add to yield an orange-colored solution. 

Calc, for CtiH» 0 : C, 89.23, H, 6.667. Calc, for C«,H*OCt,H«5: C, 91.36; H, 
6.361. Found: C, 88.82, 89.45; H, 7.506, 7.05. 
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The analysis indicates that the substance which was isolated is the 
carbinol and not the corresponding ether. When a gram of the carbbtol 
was boiled for half an hour with acetic anhydride and the reaction mixture 
was poured into alcohol, the original substance was recovered unchanged. 
It, therefore, does not form a stable acetate under these conditions- This 
fact, however, is quite in harmony with the conduct of other tertiary 
alcohols of this type. 

Somjekvli.l,b, Mass 


[CONTRIBUTION FROM THB CARBOHYDRATE LABORATORY, BUREAU OF CHEMISTRY, 

Unwed States Department of Agriculture.] 

THE AMIDE OF o-d-M ANNOHEPTONIC ACID. 

By C. S. Hudson and K. P. Monroe. 

RccdTed M«r IS. 1919 

This substance was first noted by Fischer 1 as a precipitate settling from 
the reaction mixture of hydrogen cyanide and d-mannose in aqueous solu¬ 
tion. He identified the substance as an amide by its behavior towards 
alkalies and iron salts, found its m. p. to be 182-3 °, but published no 
analysis or record of its purification. Its specific rotation was not mea¬ 
sured. As we desired to know its rotatory power we prepared it in similar 
manner but soon reached the conclusion that it was by no means a pure 
compound because on successive recrystallizations its m. p. rose to 193-4 0 
and its specific rotation increased from +4 to +28°. These higher values 
were found only after the substance had been recrystallized 6 times but 
further recrystallization did not change them. As the substance was 
difficult to purify and there seeemed a possibility of the presence in it of 
the isomeric 0-d-mannoheptonic amide, or some other impurity, a second 
method for preparing it was studied. Ten g. of pure crystalline a-d- 
mannoheptonic lactone was dissolved in 100 cc. of 50% alcohol, the solu¬ 
tion was cooled with ice and ammonia was passed into it to saturation. 
A fine, white, granular precipitate formed, which was filtered off and washed 
with cold 50% alcohol. Its m. p. was 184-5° and = +14. After 
only two recrystallizations from hot water its m. p. was 193-4 0 and 
[afo = +27.8°, both of which agree with the values found for the other 
preparation of this amide. 

The purified amide from the hydrogen cyanide reaction was found to 
contain 6.1% and 5.9% N in two analyses by the Kjeldahl method, 
which agree with the theoretical value for CHjOH.CHOH.CHOH.CHOH.- 
CHOH.CHOH.CONHj, 6.2%. The purified amide made by the action 
f ammonia on the lactone gave 5.9% and 6.1 % N. An aqueous solution 
of the purified amide from the HCN reaction, containing 0.542 g. sub¬ 
stance in 50 cc. solution rotated 1.21 0 to the right at 20® in a 4 dcm. tube 
1 Untersuchungen fiber Kohlenkjdrat* tend Ftmtnte, p. 300. 
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with sodium fight; hence [a]* = +28.0. A second measurement gave 
+28,1. A solution of the purified Amide that had been made from the 
factone, containing 0.405 g. in 50 cc. solution, rotated o.90 0 to the right at 
20 0 in a 4 dan. tube with sodium light; hence [a]!? = +27.8. The 
average of the 3 measurements, +28.0, is taken as the specific rotation 
of the pure amide. 

It is interesting to observe that the molecular rotations of the amides 
of a-d-mannoheptonic, d-galactonic and 1-arabonic acids have the same 
sign and nearly the same numerical values. 

Tabus I. 

Rotation of Three Amides of Similar Terminal Configuration. 

Specific Molecular 1 

Amide, Coo figuration rotation rotation 

H H OHOHH O 

a- 4 -Mannoheptonic.... CH»OH . C . C . C . C . C . CNH» +28.0 +63.0(10)* 

OH OH H H OH 

HOHOH H O 

d-Galactonic. CH,OH . C . C . C . C . CNTHi +30.2 +58.9(10)* 

OH H H OH 

OH OH H O 

/-Araborne. . CH*OH . C . C . C . CNH, +37-9 +62.5(10)* 

H H OH 

The cause of this agreement evidently lies in the fact that the three 
structures have the same configurations for the a-, 0- and 7-carbon atoms 
near the amide groups. In an accompanying article by Hudson and 
Komatsu it is shown that the principle of optical superposition holds 
fairly closely for such amides as these and that the a- and 0-carbon atoms 
are the only ones that have much influence on the rotation 

Wa&hemoton, D C 

[Contribution prom the Carbohydrate Laboratory, Bureau op Chemistry 
United States Department op Agriculture.] 

THE ROTATORY POWERS OF THE AMIDES OF SEVERAL 
o-HYDROXY ACIDS OF THE SUGAR GROUP. 

By C. S. Hudson and Shigeru Komatsu. 

Received M»y 15 , 1919 

In a recent article* it was shown that Weerman's measurements of 
the rotatory powers of the amides of 7 a-hydrosy adds of the sugar group 
lead to the generalization that the o-carbon atom is prindpally responsi¬ 
ble for the rotation of these substances and that when the hydroxyl group 
is on the right of this carbon atom, in the configurations of Fischer’s, the 
amide rotates to the right and thee versa. This condusion was borne out 

1 The molecular weights of the 3 amides are 335, 193 and 163. 

' This Journal, 40,813 (1918). 
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further by the known configurations and rotations of tartraminic add, 
tartramide and the amides of malic and glyceric adds. By its applica¬ 
tion to the amide of mandelic add the configurations of the active forms 
of this add were placed in the system that Fischer originated for the sugar 
group, which will doubtless in time grow to include most optically active 
substances. In that article it was stated that Weerman's measurements 
seemed to lack the predsion that would be required in a quantitative 
study of the rotations of the other active carbon atoms of the amides of 
the sugar adds. At present we wish to treat this subject quantitatively, 
basing the study upon measurements that one of us (S. K.) has made dur¬ 
ing the past year. These measurements confirm the generalization al¬ 
ready mentioned, but they differ in some instances from Weerman’s 
data and lead to some interesting conclusions that are not apparent from 
his measurements. 

Consider first the molecular rotations (m. w. 195) in aqueous solution 
of the amides of the group of adds that are related to the hexoses, the so- 
called hexonic adds, namely, gluconic, mannonie, gulonic and galac- 
tonic adds. 


Tasim I.— Configurations and Rotations or Hexonic Amides. 


Amide 

< 2 -Gluconic amide . 

Fi9cher s configuration 

H H OH H 
CHjOH.C 1C.C.C. 
OH OH H OH 

0 

CNHj 

Specific 

rotation 

+JI -2 

Molecular 

rotation. 

+6o.8(io)> 

d-Mannonic amide... . 

H H OH OH 
.. CHjOH.C . C . C . C . 

OH OH H H 

O 

CNHj 

— 17-3 

— 33 - 7 (m)’ 

d-Gulonic amide. 

H OH H H 
. CHjOH.C . C . C . C . 

OH H OH OH 

0 

CNH, 

+ 13.2 

+29.6(10)’ 

d-Galactonic amide _ 

H OH OH H 
.. CH,OH.C . C . C . C . 

OH H H OH 

0 

CNH, 

+30 2 

+58.9(10)* 


Since there are 4 asymmetric carbon atoms in these structures the 
rotation of each of them can be calculated from the rotations of the 4 
amides on the assumption of the prindple of optical superposition. The 
details of the method of calculation have already been published. 1 It is 
found in this way that the molecular rotations for the 4 carbon atoms, 
calling the active atom next the amide end the a-carbon, have the follow¬ 
ing values when the hydroxyl group is on the lower side of its carbon atom 
(or is on its right when the formula is written vertically with the amide 
group at the top): a-carbon = +47.25(10)’, 0-carbon = —14.65(10)’, 
1 This Jouxnal, 39,465 (1917). 
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7-carbon *» +0.95(10)*, and 6-carbon = —2.05(10)*, It will be noticed 
that the numerical values decrease as the carbon atom is further removed 
from the amide end (the difference between the values for the 7- and 
5 -atoms, both of which are very small, are probably near the limit of ac¬ 
curacy of the data). The alternation in the sign of the rotation of the 
successive carbon atoms is also noteworthy, suggesting the alternation in 
positive and negative affinity that is often ascribed to the carbons in a 
chain. 

Consider next the amides of several of the acids of the heptose group. 

Tabus II.—Configurations and Rotations op Hrptonic Amides. 

Molecular 


Amide. 

Fischer's 

configuration 


Specific 

rotation 

rotation 
(Mol wt 225 ) 


H H 

OH 

H 

H 

O 



a-Glucoheptonic. . .. 

.. CH«OH.C . C . 

C . 

C . 

C . 

CNH, 

+ 10 6 

+23 8 (ro)‘ 


OH OH 

H 

OH 

OH 





H H 

OH 

H 

OH 

0 



0 -Glucoheptonic. 

.. CHjOH.C . C . 

C . 

C . 

C . 

CNHj 

-30 2 

—67 9(10)* 


OH OH 

H 

OH 

H 





H H 

OH 

OH 

H 

0 



or-Mannohep tonic 1 _ 

.. CHjOH.C . C . 

C . 

C . 

C . 

CNH, 

+28 0 

+63.0(10)* 


OH OH 

H 

H 

OH 





H OH 

OH 

H 

H 

0 



a-Galuhep tonic. 

.. CHjOH.C . C 

C . 

C . 

C . 

CNH, 

+14 3 

+32 2(10)* 


OH H 

H 

OH 

OH 





Although it is not possible to calculate the rotations of all 5 of the active 
carbon atoms in these chains, because only 4 observations are at hand, 
nevertheless the following molecular rotations may be determined: 
a -carbon = +45.85(10)*, 0-carbon = —19.6(10)*, 6-carbon =■ 

—4.2(10)’, e -carbon — 7-carbon = +1.75(10)*. It is noticeable again 
that the sign alternates from carbon to carbon. The numerical value 
for the o-carbon is almost the same as was found for the hexonic amides, 
showing that the principle of optical superposition holds at least closely 
in passing from one of these groups to the other. Also the values for the 
other carbons correspond very well within the two groups. It seems highly 
probable, therefore, that the principle holds closely among the members 
of each group. One could, of course, calculate with fair approximation 
the rotation of the amides of several of the hexonic and heptonic add 
amides that have not yet been measured, such as allonic amide or gulo- 
heptonk amide, but the mention of this may suffice at present. 

Consider next the amides of the pentonic adds. 

* The rotation of this substance is quoted from the accompanying article by Hudson 
and Monroe. 
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Table HI.—Configurations and Rotations op Pbntonic AiaMti. 

Uofendaf 
Specific fotitlon. 

Amide. Ftecfccr** configuration. rotation, (Mol. wt. ]<5 ) 

OH OH H O 

i-Arabonk amide . CHjOH.C . C . © . CNHi +57.5 +61.9(10)' 

H H OH 

OH OH OH O 

f-Ribonic amide. CHjOH.C . C . C . CNH, —16.4 —17.1(10)' 

H H H 

H OH H O 

d-Xylonieamide. CHjOH.C . C . C . CNH# +44.3 +73.4(10)' 

OH H OH 


From these 3 values the molecular rotations of the 3 active carbon atoms 
in the pentonic amides may be calculated to be, a-carbon = +44.5(10)*, 
d-carbon = —23.15(10)*, 7-carbon = +5.75(10)*. The value for d-xyl- 
onic amide is taken from Weerman’s article, as we have not been able to 
crystallize this substance. The value for the a-carbon is obtained by the 
use only of our own data for the amides of arabonic and ribonic adds, both 
of which have been prepared in very pure crystalline condition. A change 
in the value for the amide of xylonie add would not affect the value of the 
rotation of the a-carbon atom but would alter those of the ( 3 - and 7-car¬ 
bons. The alternation in sign of the successive carbon atoms is again 
apparent, and likewise the decrease in the rotation as the carbon 
atom is further removed from the amide end. The numerical value 
for the a-carbon, 44.5(10)’, is quite near those that have been found 
for this carbon in the hexonic and heptonic adds, showing that the prind- 
ple of optical superposition holds fairly dosely for these amides. 

Lastly, mention is made of the diamides of 3 of the dibasic adds of 
the sugar group, d-manuosaccharic and d- saccharic adds and tartaric 
add. 

Table IV.—Configurations and Rotations op Three Diamdbs. 

Specific Molecular 

Diamide Fischer's configuration rotation. rotation 

O H H OH H O 

d-Saccbaric diamide. NH»C . C . C . C . C . CNH# +13.3 +37.7(10)* 

OH OH H OH 

O H H OH OH O 

d-Mannoseccharic diamide.. NHjC . C . C . C . C . CNH, —34.4 —50.8(10)’ 

OH OH H H 

O OH H O 

Tartaric diamide.NH#C . C . C . CNH# +106.5* +157.6(10)* 

H OH 

If the active carbon atoms in these structures be named in the manner 
that has been followed for the monoamides one must name from each 
> Measurement by Franklaod and Stator, J. Chem. Soc., 83,1554 (1903). 
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end towards the center and in giving a sign to the rotations of the carbons 
of the left half must consider the structure to be turned through i8o° 
in the plane of the paper, so as to put the left hand amide group around 
to the right end. Thus the 4 asymmetric carbons in d-saccharic di¬ 
amide would be given the following signs and designations: 

H H OH H 

NH.OC . C . C . C . C . CONHt. 

OH OH H OH 
—a — $ —/3 

Two equations may now be set up for the molecular rotations of the di¬ 
amides of d-saccharic and d-mannosaccharic adds, respectively. 
d-Saccharic diamide —a — 0 — 0 + a =* +27.7(10)’. 
d-Mannosaceharic diamide —a — 0 — 0 — a = —50.8(10)*. 

Solving these two equations for the two unknown quantities gives u =* 
+39- 2 5(io) > and 0 = —13.85(10)’. 

In the case of tartramide there are two a-carbons, both to be considered 
positive, and no 0-carbons, hence 2a *= +157.6 and a = +78.8(10)*. 

The values for the carbons of the hexaric diamides are near those for 
the hexonic monoamides and are of the same sign. In the case of the 
tartaric diamide the sign is the same for the a-carbon but its numerical 
value is much larger, possibly because the two a-carbons, of strong rota¬ 
tion are not separated in this structure by any intervening carbon atoms. 

It would be desirable to extend this study to the amides of other optically 
active dibasic adds. The present data are suffident to allow the calcula¬ 
tion, of the rotatory powers of the diamides of all the hexaric adds. 

Table V.—Mole cola* Rotations or the Active Cakbon Atoms or Amides fsom 


the Sugar Group. 

C«r* Carbon Pen tonic Hexonic Heptcmlc Henrk 

bon senes, di&rojde tnudet amides. amide* dtanudea. 

a 1 .+78.8(10)* +44.5(10)* +47.25(10)* —45.85(10)* +39-*S(io)* 

0. —25.15(10)* —14.65(10)* —19.6 (10)* —13.85(10)* 

Y. + 3-73(«o)» + 0.95(10)’ f . 

I . . . — 2.05(10)* — 4.2 (lo)’ . 

* . . . ? . 


In Table V are recorded the values that have been adduced for the 
molecular rotations of the different carbon atoms in these various amides. 
The values for the 0- and 7-carbons of the pentonic amides depend upon 
Weerman's value for xylonic amide. We suspect that his value is slightly 
too high. If the rotation of the 7-carbon many be neglected in the pen- 
tonic amides, as seems probable from its low values in the hexonic series, 
the value of the rotation of the 0-carbon can be calculated without using 
Weerman's determination. It is found to be —17.4(10)’, which is near 
* With the formula of the compound written vertically ami the amide group placed 
at the top, if the OH group of the particular carbon atom is on the right of the structure 
the sign of rotation of the carbon is that given in the table. 
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the average of the values that have been found in the hexonic and hep¬ 
tane series. Using tins value and neglecting that of the y-carbon, gives 
for xylonic amide the rotation of arabonic amide, +37,5°, in place of 
Weennaa’s measurement, +44.5 

Experimental. 

d-Galactonic Amide was prepared by passing dry ammonia gas into an absolute 
alcoholic solution of pure galactonic lactone, as described by Weerman. It was re¬ 
crystallized 4 times from water and dried at 70° for 15 hours, and in another case at 
100° for 7 hours. The two products showed the same specific rotation. 2.500 g. of 
substance dissolved to 50 cc. in water rotated at .0° in a 4 dcm. tube in sodium light 
6.04 circular degrees to the right, hence [«] a i? = +30.2“, Its melting point was 
172-172.5°. 

d-GIuconic amide was prepared similarly, crystallized 3 times from 90% alcohol 
and dried at 70° for 25 hours. Its m. p. was 143-4°. 2.500 g. of substance, made up 
to 50 cc. in water, rotated 6.24° to the right in a 4 dcm tube; hence |rr] 2 ,? — +31.2. 
A second measurement gave the same value. 

d-Gulonic amide was prepared by adding alcohol to a solution of 10 g. of gulonic 
lactone in strong amm onia water. The crystals were recrystallized from alcoholic 
solution twice and dried at 70° for 20 hours. M. p. 122-3°; yield 10 g. 2.500 g. of 
substance, dissolved to 50 cc. in water rotated 303° to the right in a 4 dcm. tube; 
hence (a] 2 n ■= +15 2 

d-Mannonic amide was prepared by passing dry ammonia into an alcoholic solu¬ 
tion of snannonic lactone. It was recrystalhzed from aqueous alcohol twice and dried 
at 70° for 20 hours. M. p. 172-3°. o 4710 g of substance in 50 cc. aqueous solution 
rotated 0.65° to the left in a 4 dcm tube; hence [o] 2 D ° = —17 2. A second determina¬ 
tion gave —J74°. and the average is —17 3°. 

«-rf-Glucoheptonic amide was prepared by passing dry ammonia into an alcoholic 
solution of the lactone, was recrystalhzed from alcohol twice and dried at 70° for 10 
hours. M. p. 134.5°. 0.3668 g. of substance in 25 cc aqueous solution rotated 0.31° 
to the right in a 2 dan tube; hence |«J*J = +106 

/ 3 -d-Glucoheptonic amide wa i prepared by passing dry ammonia into an alcoholic 
solution of the pure lactone. The lactone showed a specific rotation of —66.0° and 
mu p. 152-3°, m agreement with the values (—67 7 0 and m. p. 151-2°) that have been 
found by Fischer.' The amide was rccrystollized twice from aqueous alcohol and 
dried at 70° for 24 hours. M. p. 138°. From 17.5 g. lactone 7 5 g. pure amide was 
obtained. 2.500 g. of ubstance in 50 cc. aqueous solution rotated 6.00° to the left 
in a 4 dcm. tube; hence [aj 2 „ 0 =- —30.0°. A sicond measurement showed —30.3, 
and the average —30.2 is taken. 

a-d-Galaheptonic amide was prepared according to Fischer’s 1 directions, re¬ 
crystallized twice from alcohol and dried at 70° for several hours. M p, 206° 0.2159 

g. of substance in 50 cc. aqueous solution rotated o 25° to the right in a 4 dcm. tube; 
hence la] s D ° ■> +14.5. A second measurement showed +14.1 and the mean is taken, 
+ 14 - 3 °- 

/-Arabonic amide was prepared from ammonia and the lactone and was re- 
crystallized twice from 90% alcohol, and dried at 70° for t8 hours. M. p. 135-6°. 
2.500 g. of substance in 50 cc. aqueous solution rotated 7.43° to the right in a 4 dcm. 
tube; hence (<»)“ “ +37.2. A second estimation gave +37.9 and the mean is taken, 
+ 37 . 5 °- 

* A arc, 270, 64 (1892). 

* Ibid., a 88,139 (1895). 
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LRibonic amide was prepared from ammonia and the lactone. The latter ;was 
prepared from arabonic acid by rearrangement on heating with pyridine, acoortSt% *0 
Fischer' and Piloty’s directions. The amide was recrystallized twice from 90% alcohol 
and dried at 70“ for several hours. M. p. 137-8°. 0.8450 g. of substance in 2J at, 
aqueous solution rotated j.ii° to the left in a 2 dcm. tube; hence [o] s „ D » — 16.4. 
Weemutn found m. p. 136-7° and [a] 2 £ * —15.7. 

d-Mannosaccharic diaraide was prepared according to Fischer’s' directions by 
dissolving pure d-mannosaceharic diiactone in strong ammonia water, filtering off the 
crystalline precipitate and washing it with alcohol and ether. It was recrystallized 
once from water and dried at 70° for 14 hours. M p. 188-189.5° with decomposition. 
0.1765 g- of substance in 50 cc. aqueous solution rotated 0.36° to the left in a 4 dcm. 
tube; hence [a] S o = — 24-4- A second estimation gave — 24 5. Fischer found m. p, 
189°. 

d-Saccharic diamide was prepared y the interaction of diethyl d-saccharic ester 
and ammonia, following Heintz’s* directions It was recrystallized twice from alcohol 
and dried at 100° for 5 hours. M. p 172-3°. 0.8372 g. of substance in 50 cc. aqueous 
solution rotated 0.91° to the right in a 4 dcm. tube, hence [a] 2 D ° =» +13.3°. 

Wasbikotun, 11 C 


(Contribution from the Sheffield Chemical Laboratory of Yale University.! 

RESEARCHES ON PROTEINS. VI. THE DESTRUCTIVE DIS¬ 
TILLATION OF FIBROIN. 

[preliminary paper.) 

By Treat B Johnson and Peter G. Daschavsky. 

Received June 7. 1919 

This preliminary report of an investigation, now in progress in this 
laboratory, is made in order to announce our intention of incorporating 
in our Researches on Proteins the study of the products of decomposi¬ 
tion when silk fibroin is subjected to destructive distillation in vacuo. 
The research will not be completed for several months, but in the light of 
the recent work of Pictet and Cramer* on the destructive distillation of 
ovalbumin it seems necessary to make known at this time our activity 
in this same field of research. 

Very little is known regarding the nature of the products of decomposi¬ 
tion which are formed by the distillation of protein material. While 
much attention has been paid to the chemistry of coal distillation and 
also destructive distillation of wood and cellulose material, so far as the 
writers are aware, no important literature has been contributed dealing 
with the dry distillation of proteins outside of that bearing on the pro¬ 
duction of Dippel’s oil by distillation of bones. The only publications 
available to us which contribute any data on this subject are those of 

> Ba .,% 4,4214 (1891). 

* tbii ., 24, 539 (1891). 

•Fegg. Ann., 105, 211 (1858). 

* Belt). Ckim. Acte, t, 188-193 (1919); C. A., 10, 1076 (1919). 
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Limpricht 1 and Williams* describing the distillation of horn am! wool, 
respectively, in the presence of potash. In both cases the only organic 
combinations that were definitely identified among the products of dis¬ 
tillation were carbon dioxide and several aliphatic bases, namely; ethyl, 
butyl and amyl amines. These combinations undoubtedly resulted as 
normal products of decomposition of the corresponding a-ammo adds 
present in the protein molecule. 

R.CH(NH,)COOH —► CO, + R.CHiNH,. 

Later in 1885 Mills’ subjected wool to dry distillation at ordinary pressure 
and identified as products of decomposition, hydrogen sulfide, water and 
ammonium carbonate. 

Silk fibroin was selected for our investigation for three reasons. In 
the first place the protein is available in large quantities and can be ob¬ 
tained in a very pure condition. Secondly, it is one of the protein com¬ 
binations which is free from sulfur, and thirdly, it is characterized by 
its amino add composition. 60% of this protein molecule is composed 
of three amino acids, namely, glycocoll, alanine and tyrosine; these three 
adds constituting about 33%, 16% and 10%, respectively, of the fibroin 
molecule. Whether a careful study of the products formed by destruc¬ 
tive distillation of proteins in general will contribute data throwing new 
light on the molecular construction of these substances remains to be de¬ 
termined, but it is true that fibroin is an excellent protein for experimenta¬ 
tion on account of its unique composition. 

Our method of experimentation has been to distil fibroin from an iron 
retort or pipe so constructed that the latter can conveniently be heated 
at a high temperature on an ordinary combustion furnace. Ordinary 
iron pipe of 5' diameter has proven very practical for this operation. 
Having charged the retort with a known quantity of silk, it is then con¬ 
nected by the necessary cooling and absorption apparatus with a Cenco 
vacuum pump, which is suffidentiy efficient to evacuate the system em¬ 
ployed in our work. We first operated with a unit of 200 g. of fibroin 
(silk noils), but we finally increased this to 1600 g., which we found to 
be a very convenient and practical unit for laboratory operations. Work¬ 
ing under these conditions, we have successfully distilled several kg. of 
silk fibroin, and the products of distillation are now being studied in 
order to determine the relative quantities formed, the compositions and 
the characteristic properties. 

When distilled tn vacuo (25-27 mm.) silk fibroin affords about 43% of 
its weight in the form of a red oil distillate, 41% in the form of silk car¬ 
bon or coke and 16% in the form of volatile and gaseous products which 

1 Am, Pharm ., 101, 297 (1857). 

* IW -. 109. (>858). 

* J Soc . Ckem . InA ., 4,325 (1883). 
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are absorbed by sodium hydroxide solution and sulfuric add. The quantity 
of red osl distillate obtained varies from 660 to 790 g. per 1600 g. of fibroin, 
depending apparently to a large degree upon the pressure maintained 
during distillation of the protein. Thus far the only fraction which has 
received careful attention by us is the red oil distillate which is now under 
investigation. This is strongly ammonia cal and contains a large propor¬ 
tion of water besides organic substances of phenolic character. 

We desire to report now on the isolation and identification of phenol 
among the components of this red oil distillate. This was separated 
in the following manner- An aliquot part of the oil distillate was sub¬ 
jected to steam distillation to remove the phenol and the latter then ex¬ 
tracted from the steam distillate with ether and finally distilled under 
diminished pressure. We obtained an oil boiling from 48-58° under a 
pressure of 3 mm. This product was redistilled at ordinary pressure 
and finally washed with a 10% solution of sodium hydroxide to separate 
it from non-pbenolic combinations. An oil having a pyridine odor was 
obtained here insoluble in the alkali On acidifying the alkaline solution, 
after separating from insoluble oil, the phenol separated at once and was 
extracted with ether and again purified by distillation. It distilled as a 
colorless oil boiling at 182 5-185° at ordinary pressure. This product 
possessed all of the characteristic properties of carbolic add, namely, 
odor and solubility in alkali and water, and it also gave the characteristic 
color test with feme chloride. It reacted with bromine and nitric add 
to give the characteristic insoluble tribromophenol, C«Hi(OH)Brj (m. p. 
89°), and picric add, C«Hj(OH)(NO j)i (m. p. 122°), respectively. 

Whether aresol is one of the products of distillation of fibroin has not 
yet been established Both of these two phenols might result from the 
breaking down of tyrosine in the protein molecule. Quantitative experi¬ 
ments will be made in order to determine what portion of the tyrosine in 


OH OH OH 



the protein molecule breaks down by distillation in this manner. It 
will also be of interest in this connection to subject polypeptide combina¬ 
tions of tyrosine to dry distillation m vacuo. 

N*w Hitxh, Con, 
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Helvetica Chfanka Acta. Vo!. I, No. i. Editors: E. Bosshard, Fr. Ficbtsr, Pa. A. 
Guye, A. Pictet, H. Rppe, A. Werner. Published by the Swiss Chemical Society. 
Issued by George & Company, Basel and Geneva. 

This new chemical periodical represents the response of Swiss chemists 
to the present world-wide wave of nationalism. Ph. Guye, President of 
the Swiss Chemical Society, in the Foreword of the first volume, points 
out the necessity of some such Journal for his Society, now (1918) seven¬ 
teen years old. He also gives the interesting information that during 
1914, 380 articles on chemical subjects emanated from Swiss laboratories. 
Some 22 Swiss chemical manufacturing firms have established a guarantee 
fund to insure the financial success of this venture. The articles in this 
journal are to be in the three official languages of the country, namely, 
French, German and Italian. 

The first number contains articles by several of Switzerland’s most dis¬ 
tinguished chemists, and establishes a high standard of excellence, as can 
be seen in the following table of contents: 

A. Werner: A New Variety of Isomerism in Compounds of Cobalt and Compounds 
Containing Asymmetric Cobalt and Carbon 
Ph. A. Guye and Fritz Schneider: Reduction of the Oxides of Nitrogen to Ammonia; 
the Stability of Nitrogen Dioxide 

Th. Gassaman The Occurrence of Hydrogen Selenitic in Rain and Snow 
A. Werner and P. Karrer: Nitroso-Pentammine Cobaltie Salts 
A. Werner and Soph Matissen- On the Constitution of Internally Complex Metallic 
Salts. 

Alfred Berthoud: Determination of the Surface Tension and Critical Density of 
Ammonia. 

Am6 Pictet and Jean Sarasin: On the Distillation of Cellulose and Amidon under 
Reduced Pressure. 

The printing, paper and general appearance of this periodical are ex¬ 
cellent, and cannot but provoke our admiration and indeed envy. 

We congratulate the Swiss Chemical Society and the Board of Editors 
on this first number of "Helvetica Chimica Acta” and welcome this new 
addition to the chemical literature of the world. May it serve to give 
wider attention and recognition to the work of Swiss chemists, and thus 
help to accelerate the forward progress of our Science. 

Arthur B. Lamb. 
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THE SINGLE DEFLECTION METHOD OF WEIGHING. 

By Paul H M.-P. Brinton 

Received February 19 1918 

Of the routine manipulations required in chemical analysis few are 
more important, and at the same time more tedious, than the operation 
of weighing, and any shortening of the time necessary for this would be 
a great help. Routine analysts usually find short cuts, but the research 
worker who carries though his analyses with a different end in view, and 
gives less thought to simplifying manipulative details, frequently wastes 
much time and patience in the use of the balance. The method described 
in this paper has been adopted after exhaustive tests as to its reliability 
and rapidity, and it seems only fair to offer to others the advantage of 
the great saving of time which this system effects, without the sacrifice 
of essential accuracy. The method was brought to the writer’s attention 
a number of years ago by Dr. F. N. Guild, of the University of Arizona, 
who had used it for many years, but could not give the source from which 
it originally came. So far as can be learned, the procedure has never 
been described in book or journal, with the exception of a short paper by 
Turner.* It is believed that the method is almost unknown, and is used 
in very few laboratories. Those who have heard the method mentioned 
probably regard it with the same scepticism as did the writer, who refused 
1 Chemist- A nalyst, January, 1916. 
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to even try it for 10 years, so unorthodox did the system appear; and so 
little faith did he have that any degree of accuracy was obtainable by so 
simple a procedure. 

The method is carried out as follows: The balance is given a permanent 
overload on the left arm by screwing the adjusting nut on one end of the 
beam until when the beam and pans are released the pointer will swing 
out from 3 to 7 scale divisions to the right. The pan arrests must be so 
adjusted that there is no lateral vibration of the pans when released. Be¬ 
fore determining the zero point the stability of the pans is assured by 
moving the pan-arrest button in and out a few times The beam is then 
freed, and the pans are next released by a gentle, steady motion. The 
pointer will swing out to the right, and the turning point of this single 
excursion is taken as the zero point. To obtain the weight of any object 
it is only necessary to add weights until the pointer is caused to swing 
out to the same point on the ivory scale. The convenience and rapidity 
of the method were immediately apparent, but grave doubts were enter¬ 
tained as to its practicability and reliability until confidence was estab¬ 
lished by critical investigation. 

Constancy of Deflection. 

A Becker aluminum balance was used, and 4 sets of weighings were 
made, each consisting of 9 observations The deflection readings are 
shown in Table I. The 4 sets were made in determining the sensibility 
of the balance with empty pans, and with 50 g loads, so concordance 
between A and D, and between B and C, is not to be looked for. The 
arithmetical mean of each set has been calculated, and also the value of 
d/s, in which d represents the maximum deviation from the arithmetical 
mean in each set, and s the sensibility of the balance in scale divisions 
per milligram. 


Table I. 

Mean d/t 

A . 3.7 3 75 38 3 73 38 38 3 75 38 3 73 3 77 o 015 

B. 8.8 8 8 8.8 8.85 8.73 8.8 87588588 8 8 00 010 

C. 8.65 8.7 86 86 86 865865 8 65 86 8630 015 

D. 3-6 3 6 3 6 3 6 3-6 36 36 36 3 55 360 0.010 


It will be seen that with this balance the constancy of deflection fulfils 
the strictest demands of accuracy, for the values of d/s indicate that the 
greatest error of observation in this step will probably not exceed 0.015 
mg. The weighings were made by an experienced manipulator, with a 
splendid balance, ideally situated, and with a reading lens for observa¬ 
tion of deflections. To give the method a more thorough trial, experi¬ 
ments were made with a section of 10 average students who had never 
handled mi analytical balance (although 3 had had a course in assaying). 
These men were assigned to balances which cost from $35 to $75 each, 
selected at random in the regular student balance room. Each student 
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made 4 sets of weighings, with 5 to 7 observations in each set. Thesensi- 
bilities of the balances registered from 2.6 to 4.9 scale divisions per milli- 
gram. In Table II are recorded the values of d/s, in which d was taken 
as the greatest deviation from the mean in any set for each student. 
The number of readings by each observer was from 20 to 28. 


Tabus II. 

Student. it 3 4 5 6 7 8 9 10 

d/s . 0.03 o 10 0.03 0.06 0.06 0.04 0.08 0.06 0.03 0.03 


From this it is seen that in the work of entirely inexperienced students, 
with ordinary balances, any error introduced through inconstancy of de¬ 
flection will probably not exceed o. 1 mg. These students had no idea 
that their results were to be tabulated for publication, and it is certain 
that further practice in weighing would increase the accuracy of their ob¬ 
servations. 

In order to test the effect of one’s prejudice in favor of making all subse¬ 
quent readings in any one set agree with the estimate made in the first 
observation, the same 10 students were asked to read the deflection on 
one liigh grade balance. Only one student was allowed in the room at 
at a time, so no mental prejudice was operative. The observations ex¬ 
tended over a period of two hours, and the deflection was determined at 
intervals by the writer, whose readings are shown under the asterisks 
in Table III. Each student made 5 to 7 observations, and in the case 
of only one operator did a deviation from the mean as great as o. 1 scale 
division occur. The sensibility of the balance was 5.0. 


Table III. 

Student. *1234 *56789 10 • 

Deflection. 3-7 3-7 3 8 3.7 3.8 3.8 3.8 3.8 3.8 3.8 3.9 3.8 3.83 


From the writer’s observations it seems probable that the zero point 
shifted a tenth of a division or so during the period, and taking this into 
account one must be struck by the concordance of the readings of 11 
experimenters, 10 of whom were inexperienced. 

For those trying the method on a very sensitive balance it is suggested 
that attention be paid to the effect of the currents of air, or the lengthen¬ 
ing of the beam, caused by the heat of the hand near one pan, for it will 
be found that the first swing does not always accord with those which 
follow. This method is so rapid that irregularities are easily detected 
which would frequently escape observation by ordinary manipulation. 

The balance case had been closed a long time, and these deflection 
readings were taken: 

3-9 3 9 3 9 3-9 3 9 3 9 

The hand was then held 15 seconds near the left pan, and as soon as 
the door had been dosed, the following series of observations was begun: 

4-0 3 - 9 1 ; 3-9 


3-0 


3 9 
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The experiment was repeated, holding the hand near the right pan for 
15 seconds, with the following results: 

3-6 3-9 3-95 3-9 395 

It is seen that with a sensitive balance a few moments must be allowed 
for abatement of jar and air currents, but equilibrium is soon re-estab¬ 
lished. This is not to be construed as a criticism peculiar to this particu¬ 
lar method, for it will be understood that the same precaution is necessary 
with any system of weighing. 

Behavior with Various Loads. 

Two faults frequently found in balances, especially in those of cheaper 
grade, are varying sensibility under increasing load, and inequality in 
the lengths of the two lever arms. It is evident that both these conditions 
would influence the accuracy of absolute weighings by the single deflec¬ 
tion method, but in nearly every instance in analytical work the weigh¬ 
ing consists in comparing the weight of an empty vessel (watch glass, 
crucible, or dish) with that of the same vessel containing at most a few 
grams of sample or ignited precipitate. Manifestly, then, the error intro¬ 
duced by varying sensibilities, or by inequality of arms, would be negligi¬ 
ble in nearly all cases of analytical practice. The method has been suc¬ 
cessfully used by students in calibrating weights by the method of Richards, 1 
and a few hours only are required by even a beginner for the calibration 
of a full set of weights. 

Precautions and Limitations. 

The single deflection method of weighing cannot be used with those 
types of balances in which the beam and pan-arrests are all released by 
one operation, as by the turning of one milled head or lever; and it has 
occasionally been found that a balance of the correct general type has 
failed to give concordant readings in successive weighings. In nearly 
every instance it has been found that these balances failed to yield con¬ 
cordant weighings by any other method. 

The pan-arrests must be dean and adjusted to the proper height. A 
little alcohol will remove any grease which might tend to cause sticking 
of the pan-arrest to the bottom of the pan. 

A little experience with a particular balance will soon show one just how 
far the method can be trusted with that instrument. With the balance 
habitually used by the writer, which has an unvarying sensibility with 
loads up to 50 g., the method is regarded as suitable to work of the very 
highest accuracy. It is realized that the error of a single observation 
should be greater than that of the mean of 3 or 5 observations, but it may 
be pointed out that it is much easier to read with the highest accuracy 
when the swing is to one side only, and does not cross a center point. 

< This Journal, 21, 144 (1900). 
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Furthermore, the chance for lapse of mental concentration and attention 
is greatly diminished in the single deflection method. In work of great 
importance the weighing can be checked by a second weighing in leas time 
than is needed for one weighing by the conventional methods. 

It is certainly not advisable to teach this method to students as their 
sole equipment for weighing operations, for a number of good balances 
on the market are of the "single release” type; but with proper emphasis 
on the limitations of the process the single deflection method can be given 
to students with great benefit. An analyst who will weigh out a 3-g. 
sample of steel, for determination of phosphorus, with an accuracy greater 
than within one mg., has little greater chance of success in the world than 
he who will weigh out a 0.2-g. sample of copper foil, for standardizing, 
with an acuracy less than within 1 mg. 

Tucson, Arizona. 


I Contribution from thb Kent Chemical Laboratory of the University of 

Chicago, i 

INTERMEDIATE AND COMPLEX IONS. V. THE SOLUBILITY 
PRODUCT AND ACTIVITY OF THE IONS IN 
BI-BIVALENT SALTS. 1 

By William D. Harkins and H. M. Paine. 

Received October 1 , 1918 * 

The first evidence which indicates that all sails which give, on complete 
ionization, 3 or more ions, ionize in steps in such a way as to give inter¬ 
mediate ions, was presented by Harkins 5 in 1911. The earlier idea was 
that intermediate ions are present in aqueous solution of some of the salts 
of higher types, but not in all cases. Thus Abegg and Spencer, 4 in 1905, 
considered that thallous oxalate gives rise to an intermediate ion, but 
potassium oxalate does not, while in 19x1 Jellinek 6 concluded that inter¬ 
mediate ions are present in solutions of sodium sulfate, but not when 
potassium sulfate is the solute. Such salts are mercuric chloride, cad¬ 
mium chloride, and lead chloride were commonly believed to give inter¬ 
mediate ions, but the more ordinary' salts were in general supposed to 
ionize in one step or else to give only a negligible fraction of intermediate 
ions. Perhaps the strongest evidence in favor of ionization in one step 

' This series of papers was begun by the senior author in the Research Laboratory 
of Physical Chemistry of the Massachusetts Inst tute of Technology and has b e en 
continued in the laboratory of the University of Chicago with the consent of Professor 
A. A. Noyes. 

5 Revised manuscript received April 21, 1919. The paper was completed, except 
for minor changes, in June. 1914. 

* This Journal, 33, 1836-72(1911); Harkins and Pearce, Ibid., 37, 2679 (1916). 

4 Z . anorg. Chem., 46, 406 (1905). 

4 Ibid., 76, 309 (1911). 
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was found in the fact that in solutions of uni-bivalent salts the transference 
number is independent of the concentration. The work of Harkins in¬ 
dicates, however, that the percentage of intermediate ion is not negligible, 
but for salts of the type of potassium sulfate is 18% for 0.01 N solutions, 
35 % at o. 1 N, and rises to 46% in a normal solution, these being the per¬ 
centages for the KSO<~ ion. 

In a study of the solubility of uni-bivalent salts it was found that whereas 
the addition of a salt with a common univalent ion decreases the solu¬ 
bility of the uni-bivalent salt very greatly, just as would be expected, the 
addition of a salt with a common bivalent ion has an entirely different 
effect from what had previously been supposed. In other words, the 
solubility curve in the latter case, at least where the saturating salt has a 
solubility of o. 05 N or more, has another form than that which would be 
predicted from the solubility product principle upon the basis of the usual 
assumptions. Instead of falling rapidly as the concentration of the added 
salt increases, the solubility of the saturating salt decreases 1 at first slightly 
but then increases. 

When salts of the bi-bivalent type are used as saturating salts it is im¬ 
possible to add a salt with a common univalent ion; but when salts with 
bivalent common ions are added to solutions of calcium sulfate (see Fig. 1), 
the solubility curves have somewhat the same form as when the saturating 
salt is of the uni-bivalent type. The explanation given by Harkins for 
the peculiar solubility curve of the uni-bivalent salts, was that it is due 
to the presence in such solutions of a considerable percentage of inter¬ 
mediate ions such as KSO«~, BaCl + , etc. 

It was found that the presence of intermediate ions in solution 
could also be easily recognized from the slope of the curve representing 
the solubility of the un-ionized part of the saturating salt when the con¬ 
centration of the un-ionized part is calculated on the basis of the usual 
assumptions, which are as follows: (1) That the isohydric principle is 
valid, (2) that the usual method of calculating percentages ionization is 
correct, and (3) that no intermediate ions are present in the solution. 
Now, it happens that the deductions obtained by this method of detecting 
intermediate ions hold in all probability even if (1), the isohydric principle 
is not valid, and (2) if the usual method of calculating the percentage 
ionization is incorrect. This is true because no use is made of the abso¬ 
lute values of the solubility of the un-ionized part of the salt as calculated, 
and the only essential feature of the method is a proper comparison of 
the slopes of the calculated solubility curves for the non-ionized parts of 
uni-univalent and uni-bivalent salts. Thus, when calculated in the usual 

> la the case of highly soluble salts of this type this initial decrease is absent, 
and the curves have the form which would be expected if the added salt had no ion in 
common with the saturating salt. 
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way, such curves for the uni-univalent salts slope rapidly downward as 
the total ion concentration (or the concentration of the added salt) in¬ 
creases. Now, if similar curves are constructed for uni-bivalent salts, it 
might be expected that they would have a somewhat similar form, and 
this is exactly what is found when the added salts used are such as would 
have little effect upon the calculated solubility of the un-ionized part when 
intermediate ions are present. The only salts of this kind are those with no 
common ion. In this case the curves for uni-univalent and uni-bivalent salts 
lie almost exactly parallel (compare with Fig. 3). However, when the 
added salt contains a common bivalent ion, the curves, when calculated 
on the basis of the third assumption, i. e., that no intermediate ions are 
present, should not show the same slope if intermediate ions are present 
in considerable quantity. From the change in the slope of the curve it 
would be possible to form some idea of the amount of the intermediate 
ion present, although a quantitative estimate can be made much mote 
accurately by the use of other methods. Now, if intermediate ions are 
present in the saturating salt, the calculated solubility of the un-ionized 
part should decrease much more rapidly when the added salt contains a 
common univalent ion, and, on the other hand, when a salt containing a 
common bivalent ion is added, this solubility should either decrease less 
rapidly or if the relative number of intermediate ions is large, the calcu¬ 
lated solubility curve should rise instead of falling, and this latter has 
been found to be the case for uni-bivalent salts. It will be seen that this 
method of showing the presence of intermediate ions, and also something 
of their relative amount, depends upon the deviation of the calculated 
solubility curves from the normal slope, since at least the greater part of 
the deviation is caused by the false assumption that intermediate ions are 
absent. 

When it is realized that more than half of the salts commonly used are 
higher type salts, it will be seen that it is important to extend this in¬ 
vestigation to a study of types still higher than the uni-bivalent type al¬ 
ready studied. 1 The next most important type of salts is the bi-bivalent; 
and in this type of salts there is a reversion from the tri-ionic 
salts previously investigated to di-ionic salts, which, with respect to the 
number of ions formed by a simple ionization, would seem to belong to 
the same type as the di-ionic uni-univalent salts. Since, by their simple 
ionization the bi-bivalent salts would give the same number of ions per 
molecule it might be expected that the curve for the solubility of the un¬ 
ionized part should be of the same general form as for the uni-univalent 
salts, provided that the ionization of the bi-bivalent salts is entirely a 
simple one. 

> Harkins Bud Pearce, This Journal, 37,2679 (1916) have shown that uni-trivalent 
salts give a large number of intermediate ions in solution. 
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In view of these interesting ionization relations of trionic and still higher 
type salts, a study of sparingly soluble bivalent salts was undertaken 
with calcium sulfate as a type salt of this group. Its solubility and con¬ 
ductance were determined in pure water and also in solutions of various 
concentrations of copper sulfate, magnesium sulfate, and potassium ni¬ 
trate. Density determinations were made on all mixtures and all weigh¬ 
ings were corrected to vacuum. In the calculations the atomic weights 
for 1910 were used. 

Preparation of Salts and Solutions. 

The water used for this investigation had in no case a greater specific conductance 
than 0.7 X 10“® and the average value in the bottles in which it was stored was 
0.6 X" 10 

Calcium Sulfate.—This salt was made by the addition of a very dilute potassium 
sulfate solution to to very dilute calcium chloride solution. Kahlbaum’s ‘‘Zur Analyse” 
salts were used and the wort carried out in special vessels of resistance glass. The 
calcium sulfate was washed thoroughly and rotated with several successive portions 
until the conductivity became constant. This salt was preserved in glass-stoppered 
resistance glass bottles. 

Gypsum.—For comparison some very < lear plates of gypsum were obtained from 
Dr. A. D. Brokaw of the Geology Department. 

Magnesium Sulfate —Kahlbaum''- “Zur Analyse" salt was twice recrystallized 
from conductivity water and a stock solution made up and analyzed by evaporation :n 
platinum and weighing as magnesium sulfate. 

Copper Sulfate.—Kahlbaum's “Zur Analyse” salt was twice recrystallized from 
conductivity water. 

Potassium Nitrate.—Baker's potassium nitrate was recrystallized twice from 
conductivity water. 

Methods of Analysis. 

Calcium.—Calcium was determined by careful precipitation with ammonium 
oxalate from hot solution; after standing 4-6 hours, the calcium oxalate was filtered, 
washed with water containing a little ammonium oxalate, ignited in tared platinum 
crucibles and weighed as calcium oxide Where copper was present it was removed 
from a very dilute solution by precipitation with hydrogen sulfide. The separation 
of magnesium from calcium presented difficulties because of the well-known fact that 
the quantitative separation of small amounts of calcium from much larger amounts of 
magnesium is unsatisfactory. The method proposed by Cameron and Bell 1 leaves 
much to be desired from th standpoint of accuracy A plate of pure gypsum rotated 
in 23 cc. of conductivity water showed a loss equivalent to solubility of 2.067 g. 
per 1000 g. solution. The solution from this gave 2.083 g. CaSO. per 1000 g. of solu¬ 
tion by the oxalate method, while the specific conductance was 0.0022115 ohms, almost 
the same as tha for the prepared salt (0.0022148). This method was used therefore 
only in solutions of comparatively high con entratiou of magnesium sulfate. Far 
the more dilute solutions the method proposed by Richards, McCaflcry and Bis bee 1 
was used. 

Experimental Methods. 

An excess of the calcium sulfate was rotated with water or solution of a salt in a 
300 cc. glass stoppered resistance glass bottle which had been "steamed out” and 

1 J. Pkys. Chem., 10, 212 (1906). 

* Proc. Am. Acad., 36, 373 (1901). 
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thoroughly seasoned. The temperature was measured by a thermometer which had 
been compared with a certified Baudin thermometer. For each determination satura¬ 
tion was approached both from under-saturation and supersaturation. The solutions 
were filtered in the thermostat and the first 50 cc. rejected, in order to prevent errors 
due to adsorption. In the experiments with copper sulfate the concentration of copper 
was determined for each bottle separately. In the other series solutions were care¬ 
fully made up in calibrated flasks from a weighed amount of standard solution. The 
calcium sulfate was finally carefully washed on a platinum cone with a large amount 
of the solution, and quickly transferred to the bottle, which was then filled up with solu¬ 
tion and rotated as usual. 

The conductivity measurements were made in the usual way with a roller bridge 
carefully standardized. The apparatus was similar to that used by Washburn.' Great 
care was taken throughout the work to exclude carbon dioxide from the solutions. 
The bottles were all filled with carbon dioxide-free air and all solutions and water 
carefully protected from contact with the air by soda lime trains. 

Experimental Data. 

The results of the solubility determinations of calcium sulfate in solu¬ 
tions of copper sulfate are given below in Table I, in Potassium nitrate in 
Table Ila, in magnesium sulfate in Table 116 , and those for gypsum in 
magnesium sulfate in Table lie. 

The solubility of calcium sulfate in solutions of copper sulfate, magne¬ 
sium sulfate, and potassium nitrate, together with the conductances of 
all of the solutions of the pure salts and of the mixtures, were determined 
by us, because none of the previous work on calcium sulfate gave exten¬ 
sive enough conductivity data for our purpose. The solubility data are 
plotted as undotted lines in Fig. i, while the dotted lines represent the 
work of Cameron with potassium and sodium sulfates as the added salts. 
Other data of a similar nature may be found in papers by Sullivan* and by 
Cameron* and his associates. 

The curves in this figure, which represent the addition of the common 
bivalent ions, do not have the form to be expected when a common ion 
is added, in fact, as is shown most clearly in Fig. 1, at a very low concen¬ 
tration (0.15 N ) the copper sulfate curve changes to the form to be ex¬ 
pected when a salt with no common ion is added, while that for magnesium 
sulfate changes at about 0.35 N. The form of these curves is somewhat 
the same as that previously found when a salt with a common bivalent 
ion is added to a solution in which the saturating salt is unibivalent and 
has a solubility of 0.07 A r or more. The principal difference is that the 
initial solubility drop is greater in the case of the bi-bivalent salts. This 
change in the form of the curves representing the common ion effect has 

1 This Journal, 35, 177 (191 j). 

•Ibid., vj, 532 (1905}. 

* Cameron and Seidell, J. Phys. Chem., 5, 643-55 (1901); Cameron, Jbid., 5, 
36 (1901); Seidell and Smith, Ibid., 8, 493 (1 <>34); Cameron and Bell, This Journal, 
*8, 1220 ( 1906 ); Cameron and Bell, J. Phys Chan., 10 , 213 (1906); Cameron and 
Brexeale, Ibid., 8, 337-40 ( 1904 ). 
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Table III —Equivalent Conductance of Magnesium Sulfate at 18° and at 25°. 
(Concentrations m Esjuivalents per Liter, Conductance 
in Reciprocal Ohms ) 


Concentration 

Alg° 

A/A. 

* 25 ° 

A/A. 

0.00 

135 O 

IOO OO 

114 4 

IOO 00 

O 00050635 

I -’3 3 

91 33 

IO | 7 

91 52 

0 0010 )47 

117 4 

86 96 

IOO I 

87 50 

0 0020094 

no 8 

82 08 

94 67 

82 75 

0 005023 

99 0 

71 33 

84 35 

73 73 

0 010047 

88 85 

65 82 

76 15 

66 56 

0 020094 

78 98 

58 50 

67 23 

58 77 

0 050235 

66 05 

48 93 

56 54 

49 37 

0 10047 

57 79 

42 81 

49 58 

43 34 

0 20094 

49 82 

36 90 

43 12 

37 69 

0 50235 

40 72 

30 16 

35 25 

30 81 

i 0067 

33 37 

24 72 

28 81 

23 18 


Table IV —Conductance op Calcium Sulfatf 

Solutions 

( a ) at 25 

F quivalenta 
per liter X 10* 

Specific conduc A 

tancr X 10* I/ohm 1/ohm 

A/A. 

df- 

O O 


140 0 

IOO 00 


O 099955 

1 3657 

136 63 

97 59 


0 19955 

2 650 

132 88 

94 91 


0 49795 

'> 343 

127 38 

90 98 


0 9959 

12 IO4 

121 57 

86 84 


■ 9975 

22 612 

13 20 

So 86 

0 997211 

J oil 

50 195 

100 13 

"I 53 

0 99748 

10 081 

90 17 

89 45 

63 89 

0 99782 

30 610 

221 48 

72 35 

51 68 

0 99911 

36 408 

252 0 

69 21 

49 44 

(Huletf 1 



(t) AT l8*. 


dl °. 

0 0 


119 OO 

100 00 

. . 

0 10013 

I 1644 

116.28 

97 80 


0 19986 

2 2670 

' 13 43 

95 32 

. . 

0 49871 

5 436 

109 0 

91 60 


O 99755 

10 407 

103 82 

87 24 


2 007 

19 446 

97 19 

81 67 


5 023 

43 270 

86 20 

72 44 

0 99895 

IO 096 

77 96 

77 FI 

64 88 

0 99897 


Table V —Conductance op Copper Sulfate Solutions at 25*. 


Equivalent 

concentration 

Specific conduc¬ 
tance X 10* 1/ohm 

A 

1/ohm 

df 

0 025136 

i 7286 

86 50 

0 99950 

0 050202 

2 9688 

59 X3 

10013 

0 100081 

5 0609 

50 56 

10053 

0 201085 

8 7345 

43 53 

10136 

0 41993 

*5 535 

36 99 

10307 

1 9333 

46 082 

23 83 

1 14645 



Table VI. 

Ionization of Salts in Mixtures Containing (a) Copper Sulfate or ( b ) Magnesium Sulfate in which Calcium Sulfate is the Saturating Salt, 
Calculated on the Assumption that Complex or Intermediate Ions are not Present. (Concentrations in Equivalents per I,iter.) 
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been shown, in previous papers of this series, to be connected with the 
formation of complex ions, double salts, or intermediate ions 

Another indication of the presence of intermediate or complex ions is 
that the solubility product as calculated from the solubility measurements 
increases more rapidly than when such ions are absent. This is because 
the calculations of the ionization count a part of the material present as 
intermediate, as being in the form of simple ions, and since the concen¬ 
tration of the intermediate ion increases rapidly with the concentration, 



Equivalents per liter of added salt 

Fig 1 —Solubility of calcium sulfate in solutions of other salts Note that the solu¬ 
bility decrease when the concentration of the added salt is only o 1 equiva¬ 
lents is very much less than corresponds to the solubility-product principle 
At higher concentrations the curves take on the form of non-common ion 
curves 

this leads to an apparent rapid increase of the solubility product. It 
has been shown in a former paper that when account is taken of the in¬ 
termediate ions in solutions of uni-bivalent salts, the solubility product 
as calculated becomes much more constant. Fig. 2 indicates that the solu¬ 
bility product of a bi-bivalent salt, calculated on the usual assumption 
that intermediate and complex ions are absent, increases with extreme 
rapidity as the concentration of the solution (the total ion concentra¬ 
tion) increases. Thus, when copper sulfate is the added salt, the solu- 


Solubility product X 10A 
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bility product is increased to more than 3 times its smallest value before 
the total ion concentration has reached 0.1 N, so the apparent activity 
of the bivalent ions decreases very rapidly with increasing ion concentra¬ 
tion. It is, of course, possible that the whole of such a very rapid increase 
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Ba(Br 













20 40 60 80 100 120 

Total ion concentration (Si) in milli-equivalents. 

Fig 2 —The solubility product for uni-univalent, uni-bivalent, and bi-bivalent 9alts, 
calculated on the assumption that intermediate ions are absent. 


in the solubility product of salts of this dass, cannot be explained by the 
assumption of the existence of complex ions. 

The solubility of the un-ionized part of the salt as calculated on the as¬ 
sumption that intermediate ions and other complexes are absent (Fig. 3) 
is much more constant than it was found to be for uni-uni- and uni-bi- 
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valent salts, except in the more concentrated solutions in which copper 
sulfate is the added salt. The change in the slope of these curves as com¬ 
pared with those for the uni-univalent salts, is in the same direction as 
that for uni-bivalent salts when the common bivalent ion is added, that is 
the change in slope is in the direction to be expected if intermediate ions 
are present. 



1.0 1.2 14 1.6 i 8 2.0 2.0 


Log 1 total ion concentration Z». 

Concentrations in mUli-cquivalents. 

P'g. 3-—The concentration of the un-ionized part of uni-univalent (T 1 C 1 ), uni-bivalent 
(Ba(IOi)-, Ba(BrO«)i, AgjSO,, PbCl,) and bi-bivalent (CaSO ( ) salts in their 
saturated solutions in the presence of other salts, calculated on the in¬ 
correct consumption that intermediate ions are absent. 

1 The curves for barium iodate should be ten sguares tower down and five squares 
further to the left. Note how closely these curves parallel those for barium bromate in 
spite of their large displacement. 
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It is to be specially noted that most of the results described above wen ob¬ 
tained in dilute solutions, that is below o.i N total ion concentration, 
and that therefore they are not to be considered from the standpoint of 
much of the work in the literature in regard to the formation of doable 
or complex salts in concentrated solutions. The formation of these 
latter double and complex salts is highly specific, while that for which 
evidence is obtained in this paper will undoubtedly be found to be gen¬ 
eral, just as the similar behavior of uni-bivalent salts described in the first 
paper of this series, was later proved to be perfectly general. 

As has been suggested in the first part of this paper, a large part of this 
abnormal behavior of bi-bivalent salts would be only apparent if complex 
bivalent ions are formed. These would have the form 



SO,< 


/Mg" 

SO/ 

'Mg' 


SO, 1 


Cu 


■Cu" 


/SO 4 - 
Mg/ 

x SO.- 


and would form salts of a ring structure: 


•Ca" 

Mg" 




Kso./" 


xS°4\ 

Cu< >Cu 

x so/ 



/SO,; 

\ 

x so 


/SO.K 
Cu X etc. 
x50,K 


Since the formation of such intermediate ions or ring or double salts 
stores the materials in forms in which they do not enter into the primary 
equilibrium between the solid, the un-ionized part of the salt consisting 
of single molecules, and the ordinary ions, 1 it increases what is called the 
solubility of the salt by approximately the amount of the material put 
into such forms. This is similar to the increase in the solubility of a salt 
by metathesis. The complex ions do not enter into the simple solubility 
product equilibrium, as it actually is, but since they carry the current, 
they make the apparent number of simple ions greater than accords with 
the facts, so that the solubility product calculated on the basis of the ap¬ 
parent number instead of the real number of simple ions, comes out too 
large, and since the number of intermediate ions increases rapidly with 
the concentration, the apparent solubility product, also increases very 
rapidly. 

The equivalent solubility S 0 of a salt which dissociates in the above 
manner may be given as follows: 

So = 2 (AB ) 0 + 40 W o + a(B,) + 2 (ABA ) 0 + 4 (BAB)„ 
where AB represents the number of mols of the un-ionized single mole- 
1 When this series of researches was begun in 1910 it was the intention to investi¬ 
gate complex formation in salts of the uni-univalent type. Since that time this prob¬ 
lem has been taken up by G McP Smith and bis students in a series of comprehen¬ 
sive studies. See This Journal, 40, 1802 (1918). 
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cutes, AtBi at the double molecules, B of the positive ion, ABA at the 
negative intermediate ion, and BAB of the positive intermediate ion. A 
more complete analysis for the similar case of a uni-bivalent salt has al¬ 
ready been given in a former paper of this series. 1 

In solutions of uni-bivalent salts, in addition to intermediate ions such 
as KSO« - , ions of the type of K-SO,-SOt“ are to be expected, while in 
concentrated solutions of uni-univalent salts, there is much probability 
that double molecules such as KsClj, and their complex or intermediate 
ions, KjCl + and KCls" exist. 1 

While the evidence for the existence of complex ions in solutions of 
bi-bivalent salts is neither so complete or so perfect as that obtained in 
solutions of uni-bivalent salts from the standpoint of the solubility re¬ 
sults obtained thus far, there is an independent line of evidence which 
could not be obtained in the latter case; that is the mobility of the ions in 
bi-bivalent salt solutions decreases rapidly as the concentration of the solu¬ 
tion increases. This change is in the direction to be expected if complex 
ions are present. Such complex ions differ from the complex ions usually 
considered in the literature in that the evidence points to their existence 
in dilute solutions, just as is the case with intermediate ions. In this re¬ 
spect the complex ions considered in this paper are more like such inter¬ 
mediate ions; and so might well be called intermediate ions, since they are 
intermediate between the single and the double molecules of the salt. 

Summary. 

I. It lias been shown in former papers by Harkins and his co-workers 
that salts of the tri-ionic and still higher types ionize in steps and give, 
even in o i or o i A' solutions, a very considerable percentage of inter¬ 
mediate ions. The present paper shows that the solubility relations of 
calcium sulfate when common ions are added, are very similar to those 
of such higher type salts. This indicates the probability that complex 
ions, such as Ca(SO*) 2 and CajS 0 4 ++ are present in the solutions. 
These complex ions differ from what are usually considered under this 
designation, since they are present to a considerable extent in dilute solu¬ 
tions, so in this sense they are more like intermediate ions. 

3. If it is assumed that such complex ions are absent, the solubility prod- 
1 According to the octet theory of Lewis, lately amplified by Langmuir, these 

O O 

V 


salts would have the structure Ca‘ 


a where each bond represents a pair 


O O 


of electrons, common to two octets. 
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act calculated on this basis is found to increase with great rapidity as the 
concentration increases; thus, if the total ion concentration increases 
from 0.02 to o.io N the solubility product is tripled, so, if only simple 
ions are present their activity decreases very rapidly with an increase in 
concentration. On the other hand, the solubility found for the un-ionized 
part on the basis of this assumption, remains much more constant than in 
the case of uni-univalent salts. The change in the slope of these curves 
is in the direction which is to be expected if complex ions are present. 

3. The percentage concentration of such complexes is much higher in 
copper sulfate than in magnesium sulfate solutions, at the lower concen¬ 
trations. 

Cjocaoo, Illinois. 
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A NEW METHOD OF CHEMICAL ANALYSIS. 

By A. W. Hull. 

Received April 16 , 1919 . 

Two methods of X-ray chemical analysis are already fairly well known. 

The first, which may be called X-ray spectrum analysis, is the result 
of the classical experiments of Moseley, 1 and consists in attaching the sub¬ 
stance to be investigated to the target of an X-ray tube and photograph¬ 
ing its X-ray line spectrum. The X lines belonging to each element 
are very few in number as compared with the very large number in the 
visible spectrum, and they bear a simple relation to the atomic numbers 
of the elements, so that they can be identified quickly and absolutely by 
comparison with standard tables. Moseley's measurements have been 
extended by Siegbahn 2 and his collaborators to practically all known 
elements of atomic weight greater than sodium, and the lines have been 
collected in a table for convenient reference. 1 This method is applicable 
to all substances which can be attached to the target of an X-ray tube, 
except those in the first row of the periodic table.* It thus supplements 
visible spectrum analysis in being most easily applicable where the latter 
is least so, viz., to substances not easily volatilized. 

The second method, which may be called the X-ray absorption band 
method, is due to the discovery by Barkla 1 of the X-ray absorption bands 
of the chemical elements. The position of the edges of these bands have 
now been measured accurately and tabulated for practically all the ele- 

1 Moseley, Phil. Mag., 26, 1024 (1913); 27, 703 (1914). 

1 Siegbahn, Jahrb. Radioact. Electronik., 13, 336 (1916). 

1 The limitation is due to the fact that no crystal is known with atoms far enough 
apart to act as a grating for the relatively long wave lengths characteristic of these 
first row elements. 

* Phil. Mag., 17, 739 (1909). 
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meats above zinc 1 by Duane and Blake. The method of analysis consists 
in placing the substance to be examined, in the form of an absorbing layer, 
either liquid or solid, in front of an X-ray tube, photographing the spec¬ 
trum, and comparing the absorption bands in the photograph with the 
tabulated values. It is applicable to all chemical elements except those in 
the first row of the periodic table. 

Both of these methods give evidence only of the chemical elements 
present, and not of their state of chemical combination. Both are capa¬ 
ble of quantitative as well as qualitative application. They have the 
advantage over older methods that their results are absolutely unam¬ 
biguous, since they depend only on the atomic numbers of the elements in 
question, and not upon any of their chemical properties or states of com¬ 
bination. The fact that these methods have not as yet come into com¬ 
mon use is due not so much to any difficulty in their application, as to the 
fact that they are new, and that no problem of sufficient importance has 
presented itself to warrant their rapid development. 

The purpose of this paper is to describe a third and fundamentally 
different method of X-ray chemical analysis. It is simpler than the 
other two in that it does not require a spectrometer, and it supplements 
them in that it gives evidence which they do not supply, namely, the state 
of chemical combination for each of the elements present. 

The method consists in reducing to powder form the substance to be 
examined, placing it in a small glass tube, sending a beam of monochro¬ 
matic X-rays through it, and photographing the diffraction pattern pro¬ 
duced. Tire only apparatus required is a source of voltage, an X-ray 
tube, and a photographic plate or film. The amount of material neces¬ 
sary for a determination is one cubic millimeter. The method is applica¬ 
ble to all chemical elements and compounds which are crystalline in 
structure.’ 

The arrangement of apparatus is shown in Fig. 1. T is a transformer 
furnished with an extra coil for lighting the filament of the X-ray tube; 
X a Coolidge X-ray tube; F a sheet of metal, properly chosen,’ serving 
as a filter; Si and Sj slits in thin sheets of lead; T a thin-walled tube, about 
one mm. in diameter, of some light amorphous material, such as glass, 
celluloid, or collodion, • containing the powdered substance to be tested; 

1 Phys. Rev., ro, 697 (1917). 

5 The number of non-crystalline solid substances is probably very small. All the 
solids thus far examined, including many that have been considered amorphous, have 
been found crystalline with the single exception of glass. 

* The filter is chosen of such material that it specially absorbs all wave lengths 
shorter than the desired one, leaving practically nothing but a single intense line, the 
a line of the K series of the anode material. The proper material for the filter depends 
upon the material of the X-ray tube anode, For a molybdenum X-ray tube the proper 
material is zirconium. For details see Phys. Rev., 10, 665 (1917). 
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and F a narrow strip of photographic film bent over a semicircular strip 
of brass or wood, concentric with T. 1 

The rays from the X-ray tube pass first through the filter, which ab¬ 
sorbs all but a single wave length; then through the two slits, which con- 



Fig. i. 


fine them to a narrow beam (about one mm. wide); then through the 
powdered material, which scatters or “reflects’’ a very small fraction of 
them; and thence to the center of the photographic film. An exposure 
of one hour will generally give all the information desired. 

When the film is developed it shows, in addition to the over-exposed 
line in the center, where the direct beam strikes, a series of other lines on 
each side of the center. These lines are caused by the “reflections’’ of 



Fig. 2. 

the X-rays from the tiny crystals in the powder. Their distance from 
the center of the film depends on the distance between the planes of 
atoms in the crystal, and there is one line for every important set of planes 
in the crystal. It is evident, therefore, that substances with different 
crystalline structure will give entirely different patterns of lines (compare, 
for example, silicon, magnesium oxide, lithium fluoride, Fig. 4). 
Substances of similar chemical nature, on the other hand, will in general 
1 For rapid work it it desirable to use Dupli-Tited X-ray film, and place on each 
aide of it a thin strip of calcium tungstate intensifying screen. 
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have simila r crystal structure, and give similar patterns, so that it is often 
possible to identify a photograph at a glance as belonging to a certain 
type of element or compound. Thus, lithium, sodium and potassium 
fluorides, sodium and potassium chlorides, and magnesium oxide (Fig. 3) 
all have the same arrangement of atoms in their crystals, and all give 
precisely similar patterns of lines, the one being simply a magnified image 
of the other. The magnification or spread of the pattern is different for 
each one, being inversely proportional to the cube root of the molecular 
volume. Since no two similar substances have exactly the same molecular 
volume, it is easy to distinguish them, as the difference is cumulative for 



Fig. 3. 

lines far from the center. 1 As an example, the photographs of potassium 
and sodium chlorides which are the nearest together of any of the pat¬ 
terns thus far investigated, have been placed side by side in Fig. 3 for 
comparison. A further distinguishing mark is the relative intensity of 
the different lines, which differs greatly even in the most dosely related 
compounds, depending on the relative shapes and sizes of the atoms in 
the compound. Thus lithium fluoride, magnesium oxide, sodium fluoride 
and potassium chloride have precisely similar patterns (Fig. 3), but cer¬ 
tain lines, as the first and fourth, are very strong in lithium fluoride, 

1 The lines farthest from the center diverge even more than the difference in molec¬ 
ular volume, since the cube root of molecular volume is strictly proportional, inversely, 
to the sine of the angles of reflection, whereas the distances of the lines from the center 
are proportional to the angles themselves. The difference is negligible for lines near 
the center (small angles), but for large angles the dispersion thus produced is very 
large, so that two exactly similar substances differing in molecular volume by less 
than 1% could easily be distinguished. 
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fairly strong in magnesium oxide, barely visible in sodium fluoride, and 
entirely lacking in potassium chloride. 

Further details concerning the theory of the production of these lines, 
and their relation to the crystalline structure of the substance, will be 
found in the Physical Review. 1 This theory will not be reproduced here, 
as it is not essential to chemical analysis, beyond establishing the facts 
that every crystalline substance gives a pattern; that the same substance 
always gives the same pattern; and that in a mixture of substances each 
produces its pattern independently of the others, so that the photograph 
obtained with a mixture is the superimposed sum of the photographs that 
would be obtained by exposing each of the components separately for the 
same length of time. This law applies quantitatively to the intensities 
of the lines, as well as to their positions, so that the method is capable 
of development as a quantitative analysis. 

As illustrations of the general type of photographs obtained with sim¬ 
ple compounds and elements, Fig. i shows two typical photographs, of 
silicdn and sodium fluoride, respectively; Fig. 3 a series of isomorphous 
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alkali halogens, illustrating their similarity of pattern and their differ¬ 
ences in spacing and intensity; and Fig. 4 gives a series of dissimilar sub¬ 
stances, illustrating their different types of pattern. 

As practical examples, two actual analyses will be described. 
They are only roughly quantitative, but could easily be refined to any re¬ 
quired accuracy. In addition, they give information which no other 
method of analysis can furnish. 

The first analysis was of a sample of sodium fluoride, taken from stock, 
labelled "c. p.” It was photographed in the manner described and gave 
the pattern shown in the middle section of Fig. 5. A sample of very pure 
sodum fluoride was then prepared and photographed, with the results 
shown in the lower section of Fig. 5. It is evident from the correspon- 
1 Phys. Ret., to, 661-696 (1917). 
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deace of the lines that the unknown sample was sodium fluoride, but that 
it contained a large amount of impurity, which one would estimate, from 
the relative intensity of the lines, at 30 or 40%.* In order to determine 



Fig. 5- 

the nature of the impurity, a series of photographs was taken of substances 
which were considered the most probable constituents, such as sodium 
carbonate, sodium chloride, sodium hydrogen fluoride, etc. The pattern 
of sodium hydrogen fluoride is shown in the upper section of Fig. 5. It is 
evident at a glance that it corresponds to the impurity in the test sample 
of sodium fluoride, and a careful examination shows that all the lines not 
common to the two lower photographs are common to the two upper 
ones. In other words, sodium hydrogen fluoride is the only impurity that 
is present in appreciable quantity. The amount present can be roughly 
estimated from the relative intensity of the lines, and this could be made 
into a quantitative method by preparing for comparison a series of photo¬ 
graphs of mixtures of known composition. 

The fact to be emphasized, however, is that this analysis shows that 
the sample consisted of a simple mixture of separate crystals of sodium 
fluoride and sodium hydrogen fluoride, and not a mixture of these with 
a hydrate, or some more complex compound. Information of this kind 
might, in some cases, be of considerable value, and it can always be ob¬ 
tained by this method. 



Fig 6. 

The second example is the analysis of two samples of id entical chemical 
content, ms., 33.5% potassium, 19.7% sodium, 16.3% fluorine, and 30.5% 
chlorine. The photographs given by these two samples are shown to- 
* This sample was later titrated and found to contain 19 3% F, which corresponds 
to 60% NaHF, 
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gether, for comparison, in Fig. 6. It is evident that the two samples are 
far from being identical, in fact, that they contain nothing in common. 

The first of these photographs is shown again in Fig. 7, in comparison 
with sodium fluoride and potassium chloride, and is seen to contain all 



Fig 7 


the lines of both of them, and no other lines. Hence this sample consists 
of a mixture of sodium fluoride and potassium chloride (36% sodium 
fluoride, 64% potassium chloride) and nothing else. To show how con¬ 
clusive the test is, this same sample is shown again in Fig. 8 in comparison 
with sodium chloride and potassium fluoride It is evident that neither 



Fig 8 

of these patterns is present in the sample The chance correspondence 
of individual lines has no meaning If a substance is present, its whole 
pattern must be present in the photograph, and the relative intensities 
in this pattern must be the same as in the comparison standard. Thus 
the absence in the test photograph of a single intense line of any comparison 



Fig. 9. 
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substance proves that none of this substance is present, and that any 
other correspondences between the two are mere chance. 

The second sample is shown in Fig. 9, in comparison with sodium chloride 
and potassium fluoride, and it is evident that it consists of a mixture of 
these two salts (50.2% sodium chloride, 49.8% potassium fluoride) and 
nothing else. 

These examples are very simple ones. It is possible to go much 
further. By narrowing the slits and using a smaller tube of test material 
very sharp, narrow lines can be obtained, and a mixture of several sub¬ 
stances analyzed without ambiguity. Furthermore, by long exposures, 
so as to greatly overexpose the principal components of a mixture, sub¬ 
stances present only in very small amounts can be made to show. 

Fchbnkctady, N. Y. 


[Contribution from the Department of Chemistry, Univ. of California.] 

THE APPLICABILITY OF THE PRECIPITATED SILVER-SILVER 
CHLORIDE ELECTRODE TO THE MEASUREMENT OF 
THE ACTIVITY OF HYDROCHLORIC ACID IN EX¬ 
TREMELY DILUTE SOLUTIONS. 

By G. A. Linhart. 

Received May 21 , 1919 

A study of the hydrogen and silver-silver chloride electrodes in aqueous 
hydrochloric acid has received much attention in recent years and the sub¬ 
ject has been reviewed in several articles of recent date. 1 

In all previous investigations, however, measurements in solutions as 
dilute as 0.01 M have been subject to slight uncertainty, and at higher 
dilutions they have proved unreliable. By using a cell of new design 
capable of bolding a large amount of the electrolyte, by taking extraor¬ 
dinary care in the preparation of the materials, and by replacing the 
customary electrode of silver, covered with chloride through electrolysis, 
by a mass of finely divided silver in intimate contact with silver chloride, 
precipitated metathetically, it has proved possible to obtain results of 
high precision nearly to a concentration of 0.0001 Af, as described below. 

The Preparation of Materials. 

The silver was deposited by a current of 5 to 7 amperes in a cell consis¬ 
ting of an anode of silver and a cathode of fine platinum wire, dipping 
into a solution of silver nitrate. Under the influence of this large current 
the silver gathered about the platinum wire in loose, spongy dots, easily 
loosened by a light tapping of the wire. The silver so obtained was then 
washed (the water used throughout this investigation was prepared by 

‘Lewis, Brighton and Sebastian, Tars Journal, 39, 2245 (1917); Noyes and 
EUis, Ibid., 39, 2539 (1917). 
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redistilling distilled water with alkaline permanganate) and kept under 
pare water until needed. The silver chloride was prepared from purified 
silver nitrate and hydrochloric add and preserved in the dark under pure 
water, remaining white indefinitely. 

Description of the Apparatus. 

In the cell represented by Fig. i, 1 the hydrogen gas passes through the 
bubbler in the direction indicated by the arrows, enters the cell via the 
pin holes above the silver chloride, rises through the solution up to the 
iridized plate, and then passes out through the trap. The silver-silver 
chloride dectrode is shown at the bottom of the apparatus and is connected 

to a lead wire by a 
sealed-in platinum wire 
and the column of mer¬ 
cury shown shaded in 
the diagram. The hy¬ 
drogen dectrode is con¬ 
nected with its terminal 
wire in similar manner. 

In order that the hy¬ 
drogen shall not come in 
contact with grease, the 
seat of the glass stoppei 
is so made that the 
upper portion of thi 
findy ground surfao 
may be covered with 
film of stopcock greas 
without contaminatin 
the lower portion of tl 
ground surface. Tl 
connection between tl 
hydrogen generator ai 
the cell is made by 
ground glass joint instead of the customary glass .seal. This modificati 
has been found more convenient and quite as efficient. The whi 
apparatus was affixed to a frame of asbestos board in order to dimint 
the danger of breakage by handling of the glass parts. 

The iridized electrode, the hydrogen generator, the electrical apparat 
and the thermostat were of the types described and figured in a rec 
artide by Lewis, Brighton, and Sebastian. 1 

1 This instrument was constructed by Mr. W. J. Cummings of this taborat 
For the drawing X am indebted to Mr Thomas Fraser Young. 

* Loc. til. 
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Experimental Procedure. 

Requisite amounts of silver and silver chloride were separately washed 
many times by decantation with the same hydrochloric acid solution to 
be used in the cell for any particular experiment. The silver was then 
placed in the bottom of the cell to the depth indicated in the figure and 
covered with a layer of silver chloride. The whole cell was now filled 
with the hydrochloric add to the levels indicated in the figure. The 
bulb of the cell measured about 1200 ec. 

The whole apparatus was then connected, immersed in an oil thermostat, 
kept at 25 0 =*= o.oi°, and allowed to come to equilibrium. This usually 
took from 3 to 4 days, depending upon the concentration of the add, be¬ 
fore the e. m. f. became reasonably constant In Table I are given all 
the recorded readings and in Table II only those after the e. m. f. had be¬ 
come constant. The table headings are self-explanatory. All concen¬ 
trations are expressed in mols per 1000 grams of water. 

Table I --Rkcordbd Readings 

let (c). 


2 (HCli - 

O 04826 

E(HC 1 ) 

= 0.004826. 

n m f 

Time in hour* 

I! m 1 

Time in boars. 

0 .1799 

12 

O 4910 

12 

0 1*>2.1 

16 

0 4954 

l6 

0 3841 

21 

0 4965 

18 

0 1851 

26 

0 4978 

21 

0 3864 

M> 

0 4988 

26 

0 3866 

40 

0 4996 

35 

0 3868 

46 

0 4997 

39 

0 3869 

50 

0 4998 

43 

0 3870 

61 

0 4998 

48 

0 3870 

64 

0 4998 

61 

0 3870 

68 



(M 



W). 

Z(HC 1 ) = 

0 00965 

2 {HC 1 ) 

«= 0 001000. 

fi m f 

Time in hours 

E m. f 

Time In boon 

0 4622 

34 

0 5698 

19 

0 4625 

25 

0 5716 

22 

0 4634 

29 

0 5769 

43 

0 4642 

33 

0 5775 

51 

0 4650 

44 

O 5778 

56 

0 4651 

48 

0 5781 

66 

0 4653 

53 

0 5783 

74 

0 4633 

58 

0 5784 

79 

0 4654 

68 

O 5785 

9 > 

0 4654 

72 

O.5786 

103 

0 4654 

78 

0 5786 

”4 



0 3786 

127 



O 5786 

IJ 9 



0.5787 

«49 



0 5787 

192 



0.5787 

300 
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redistilling distilled water with alkaline permanganate) and kept under 
pure water until needed. The silver chloride was prepared from purified 
silver nitrate and hydrochloric add and preserved in the dark under pure 
water, remaining white indefinitely. 

Description of the Apparatus. 

In the cell represented by Fig. i, 1 the hydrogen gas passes through the 
bubbler in the direction indicated by the arrows, enters the cell wo the 
pin holes above the silver chloride, rises through the solution up to the 
iridized plate, and then passes out through the trap. The silver-silver 
chloride electrode is shown at the bottom of the apparatus and is connected 
N to a lead wire by a 

A\ , sealed-in platinum wire 

\ | / ) J and the column of mer- 

' ] ' j cury shown shaded in 

>] I the diagram. The hy- 

i drogen electrode is coa- 

i I nected with its terminal 

' I ’ ..... 

] i wire m similar manner. 

_ _ In order that the hy- 

‘C K I /jdrogen shall not come in 

\ ) Jf \ \ contact with grease, the 

., §\ ~\\ seat of the glass stopper 

U t/ \ is so made that the 

)|[ S{ \ upper portion of the 

wl ill - z-iv - finely ground surface 

W\ J/ \ / may be covered with a 

% ^ f; ( ) film of stopcock grease 

\ f i without contaminating 

% c *—^—rv V/ the lower portion of the 

\ Mjjl \A JK.JJ ground surface. The 

\ ~y connection between the 

F f hydrogen generator and 

the cell is made by a 

ground glass joint instead of the customary glass seal. This modification 
has been found more convenient and quite as efficient. The whole 
apparatus was affixed to a frame of asbestos board in order to riimtnnt* 
the danger of breakage by handling of the glass parts. 

The iridized electrode, the hydrogen generator, the electrical apparatus, 
and the thermostat were of the types described and figured in a recent 
article by lewis, Brighton, and Sebastian,’ 

1 This instrument was constructed by Mr. W. J, Cummings of this laboratory. 
For the drawing 1 am indebted to Mr Thomas Fraser Young 
% Loc. cil. 



MEASUREMENT OR THE ACTIVITY OR HYDROCHLORIC ACID. 1 1 J 7 


Experimental Procedure. 

Requisite amounts of silver and silver chloride were separately washed 
many times by decantation with the same hydrochloric acid solution to 
be used in the cell for any particular experiment. The silver was then 
placed in the bottom of the cell to the depth indicated in the figure and 
covered with a layer of silver chlonde. The whole cell was now filled 
with the hydrochloric acid to the levels indicated in the figure. The 
bulb of the cell measured about 1200 cc. 

The whole apparatus was then connected, immersed in an oil thermostat, 
kept at 25 0 =t o.oi°, and allowed to come to equilibrium. This usually 
took from 3 to 4 days, depending upon the concentration of the add, be¬ 
fore the e. m. f. became reasonably constant In Table I are given all 
the recorded readings and in Table II only those after the e. m. f. had be¬ 
come constant. The table headings are self-explanatory. All concen¬ 
trations are expressed in mols per 1000 grams of water. 

Table I -Kkcordbd Readings 
<u> (e) 


xmch - 

O 04 X 26 

2(HC1> 

= 0004826 

B m f 

Time in hours 

E m f 

Time in hours 

0 1799 
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0 49to 

12 

0 5823 

16 

0 4954 

l6 

0 ,1842 
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0 4965 

18 

0 3851 

2() 

0 4978 

21 

0 3864 


0 4988 

26 

0 3866 

40 

0 4996 

35 

0 3868 

46 

0 4997 

39 

0 3869 

SO 

0 4998 

43 

0 3870 

6l 

0 4998 

48 

0 3870 

64 

0 4998 
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0 3870 
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.. 
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0 5698 
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O 4625 

25 

0 5716 

22 

O 4634 
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0 5769 

43 

0 4641 

33 

0 5775 
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O 46JO 

44 

0 5778 

56 

O 465' 

48 

0 5781 

66 
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S 3 

0 5783 

74 
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0 5784 

79 

O 4654 

6? 

0 5785 
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<«>. 

£(HC 1 ) = 

O.OOO483. 

S(HC 1 ) 

if)- 

* O.OOO242. 

E. m. f. 

Time in hours 

B. m. f. 

Time la hoar*. 

O.6106 

12 

O 6336 

19 

O 6121 

24 

0.6365 

21 

0,6139 

38 

O 6563 

28 

O 6144 

48 

O 6549 

35 

O 6149 

60 

O 6534 

43 

O 6152 

70 

O 6529 

46 

O 6157 

so 

O 6519 

51 

0 6157 

92 

O 6514 

38 
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O 6512 

68 
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72 
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77 



O 6510 

84 



O 6309 

92 



0 6509 

96 



O 6509 
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0 6509 
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2(HC1) 

= 0000136 

E m ( 

Time IB hours 

O 6899 

20 
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24 

O 6889 

28 
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36 
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45 
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48 

O 6833 

59 
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69 

O 6814 

7<> 
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84 

O 6803 

96 
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O 6797 
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O 6798 

J26 


Table II. 

Readings after Electromotive Force had Become Constant. 
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.. 0 000136 
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Discussion of Results and Conclusion. 

Concerning the solubility of silver chloride at 25 0 only 3 values are to 
be found in the literature, 1 all based on conductivity measurements, 
namely: i.6o(io)~‘, i 64(10)'*, 1.41(10)'*; average 1.55(10)'*, and the 
product 2.4(io)“ 10 . Dividing this value by the concentration of Expt. 6 
gives 0.0000010, or 0.4%, corresponding to o. 1 mv.; divided by the con¬ 
centration of Expt. 7 gives o 0000018, or 1 3%, corresponding to 0.3 mv. 
In the other experiments the correction becomes entirely negligible. In 
the third column of the above table the last two numbers have been so 
corrected for the solubility of silver chloride. The fourth column gives 
E', the e. m. f. calculated to molal concentrations of the hydrogen ions 
and chloride ions on the assumption of ioo% dissociation at each concen¬ 
tration. The extrapolation of this number to infinite dilution gives E°, 
the standard e. m. f. at hypothetical molal concentration of the ions. 
With this value the thermodynamic or “corrected” degree of dissociation 
at each concentration is obtained by familiar methods and given in the 
5th column of the table above. 



In Fig. 2, Curve I gives the values of E'. Judging from the trend of 
the curve the last value (Expt. 7) is probably 0.3 mv. too low, owing to 
the uncertainty of the concentration of the (HC 1 ) to the extent of several 
tenths of a per cent., and also to the questionable solubility product of 
the silver chloride. Curve II gives the calculated degrees of dissocia- 
1 Thiel, Z, <uMrf. Chtm., 24, 57 (1900). 
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tion, and, for comparison, Curve III gives the degrees of dissociation as 
measured by conductivity methods.' 

Not*. — In a private communication Professor Loomis informs me that a statement 
in regard to his work in one of my articles (This Journal, 39, 2604 (1917)) is rather 
ambiguous: "The remark might be interpreted to intimate that X have claimed equal 
thermodynamic degrees of dissociation for KC 1 and HC 1 solutions at all concentra¬ 
tions. As a matter of fact my articles have dealt only with decinormal concentrations, 
and in my latest article I have suggested a possibility that my results may be accounted 
for by a slightly lower degree of dissociation for 0.1 N KC 1 than for o 1 N HC 1 .” 

Banana?, Cal. 


[Contribution from Chemical Laboratory. Edgewood Arsenal 1 

A MODIFIED METHOD FOR THE ANALYSIS OF MIXTURES 
OF ETHYLENE AND ACETYLENE. 5 

By William H. Ross and Harlan L Trumbull 
Received May 23 , 1919 . 

In the course of an investigation on the preparation of ethylene from 
acetylene, mixtures of these two gases were recovered in association with 
variable quantities of other gases as ethane and hydrogen It thus be¬ 
came necessary in carrying on the work to make accurate analyses of gas 
samples containing ethylene in the presence of acetylene and other hydro¬ 
carbons in order to determine the effect on the production of ethylene 
of any special change in the conditions of the experiment. 

In the prdiminaiy work use was made of the Tucker and Moody’ 
method for determining ethylene in the presence of acetylene. This 
method involves the use of an ammoniacal silver nitrate solution which 
is claimed to remove the acetylene completely but only a relatively small 
amount of ethylene. It was found, however, that the quantity of ethylene 
absorbed varied with the time that the mixture was shaken with the silver 
nitrate solution, and that the results obtained varied continuously with 
the time taken in making an analysis. This was demonstrated by shak¬ 
ing samples of 80% ethylene, known to be free from acetylene, with the 
silver nitrate solution for 5-minute periods, and reading the residual 
volume of gas after each period. The results are given in Table I. 

In a number of tests made with known mixtures of ethylene and acety¬ 
lene, note was made of the relative proportion of each absorbed when the 
mixture of gas was shaken with the silver nitrate solution for different 
lengths of time. It was thought that tolerably good results might possi¬ 
bly be obtained in the analysis of unknown mixtures if the gas were shaken 
in the silver nitrate pipet for the same length of time as that which gave 
best results with the known mixtures. This might possibly prove true 

1 Noyes and Falk, This Journal, 34, 475 (1912). 

* Published by permission of the Director of the Chemical Warfare Service. 

* This Journal, 23, 671 (1901); Dennis', Gas Analysis, p. 248. 
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in case the mixtures remained approximately of the same composition, 
and the strength of the silver nitrate solution remained constant. As 
these factors changed, however, the accuracy of the method was found to 
range between such wide limits as to make its use unsuited for the ac¬ 
curate analysis of ethylene-acetylene mixtures, particularly when the 
mixtures contained relatively small amounts of one or the other of these 
constituents. 

Table I.—Absorption op Ethylene in Ammoniacal 2 % Silver Nitrate Solution 


Volume of residual gas 


Time of 
disking 

Sample No i 

Sample No 2 

Min 

Cc 

Cc 

O . 

99 2 

IOO O 

5 

93 8 

95 ° 

10 . 

90 6 

92 8 

15 

88 6 

90 4 

20 

86 4 

88 0 

35 

83 6 

85 6 

30 

82 2 

83 0 

35 

80 0 

81 0 

40 

78 6 

78 6 

45 

76 4 

76 4 

50 

75 0 

74 6 

55 

72 2 

72 0 

60 

70 4 

70 O 


A method for determining acetylene gravimetrically has been suggested 
by Hempel, which consists in absorbing the gas in ammoniacal cuprous 
chloride solution with which the acetylene reacts to form a precipitate 
of copper acetylide. From the weight of copper in the precipitate, which 
may be determined by any one of several methods, the percentage of 
acetylene in the sample is then calculated 1 This method is claimed to 
give accurate results, but was found to be unsuitable for our work on 
account of the time taken in making an analysis . 5 

Experiments were then undertaken to determine the limits of accuracy 
of a volumetric method outlined by Chavastelon* for the determination 
of acetylene in gaseous mixtures. It is known that when an excess of 
acetylene is passed into an ammoniacal solution of silver nitrate a pre¬ 
cipitate is formed of the composition CjAgj . 4 When the solution is neu¬ 
tral, however, and the silver nitrate is in excess, the precipitate then has 
the composition CjAgs AgNO»,* and a definite proportion of nitric add 
is set free in the reaction as represented by the equation 

CtHi 4- 3AgN0i = CjAgj.AgNOj + 2HN0 j- 

* J. Scheiber, Z anal. Ckcm , 48, 529 (1908) 

* S A. Tucker and H. R. Moody, This Journal, 23, 672 (1901) 

* Cornet, rend., 125, 245 (1897) 

4 E. H. Reiser, Am. Chem. J„ 14, 386 (1893); R. Chavastelon, Compi rend, 134, 
1364 (1897); G. Arth. Ibid., 124, 1334 (1897! 
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This reaction has accordingly been suggested by Chavastelon as 
the basis of a method for determining acetylene by simply titrating 
the acidity of the solution recovered when a known volume of gas, 
free from add constituents, was absorbed in a solution of silver 
nitrate. The gas holder devised by Raoult, 1 and represented in 
Fig. 1, was recommended as the most suitable for use in this deter¬ 
mination. When the volume of the sample was sufficiently great 
the holder was filled by displacement of the air with the sample. 
With a smaller sample it was suggested that this might be collected 
directly in the holder over mercury, or by passing it into the holder 
after the latter had been evacuated. An excess of 10% silver nitrate 
solution was then placed in the funnel of the gas holder and intro¬ 
duced into the holder where it was shaken until absorption of the 
gas was complete. The aridity of the resulting solution was then 
determined by titration and it was held that from the data thus 
obtained and knowing the volume, temperature and pressure of the 
gas sample taken, the percentage of acetylene present could then 
be readily calculated. No further details were given for carrying 
out the analysis or for making the calculations, and no results of 
analysis were listed to show the limits of accuracy of the method. 
Development of the Method. 

When undertaking analyses of gas samples by the method as thus 
outlined, use was made of the gas holder represented in Fig 2. Each 
holder had a capadty of about 45 cc., and 
was provided with a water jacket to prevent 
the indosed gas from undergoing the sudden 
changes in temperature which were found to 
occur when no jacket was used. 

Since acetylene is soluble in water to the 
extent of 1. i volume per volume of water at 
ordinary temperature, and since the use of 
water requires that a factor be applied to 
correct for the pressure of water vapor, it was 
derided to avoid both complications by col¬ 
lecting the samples over mercury. This was 
contained in the graduated tube A, Fig. 2, 
which was connected with the gas holder C 
by means of the rubber tube B. The holder 
was filled with mercury by opening the stop¬ 
cocks and lowering it to the proper level. 

A sample of gas was collected by displacing 
the mercury into the graduated tube again, 

1 Compt. rend., 8a, 844 {1876). 




Fig. a. 
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and closing the lower stopcock. The upper stopcock was not dosed 
until the gas was passed into the holder under slightly increased 
pressure. The holder was then removed from its connection with 
the graduated tube and allowed to stand until the gas had reached 
temperature equilibrium. One of the stopcocks was then opened for 
an instant to bring the gas to normal pressure. C was finally connected 
to the lower end of a two-foot column of a 5% silver nitrate solution 
and an excess of the solution then added and shaken up with the gas 
in the holder until absorption was complete. In the preliminary experi¬ 
ments a 10% solution was used as suggested by Chavastelon, but the less 
concentrated solution proved the more satisfactory. The solution con¬ 
taining the precipitated silver acetylide was finally transferred to a beaker 
and titrated with standard sodium hydroxide solution, using phenol- 
phthalein as indicator. It was found, however, that the end-point of the 
titration when carried out in the way described was too indefinite to give 
satisfactory results, since the brown color of silver oxide masked the end¬ 
point. Attempts were then made to overcome this difficulty by elimina¬ 
ting the excess of silver ion by precipitation with sodium chloride solu¬ 
tion. When this was added before the alkali the result was still unsatis¬ 
factory', presumably because it effected a reversal of the reaction between 
the acetylene and the silver nitrate. It was found, however, that when 
the standard alkali was first added in excess, and the silver then precipi¬ 
tated with sodium chloride, the excess of alkali could be titrated to a very 
sharp end-point with standard hydrochloric acid solution. When making 
a titration with this modification, the standard alkali was added until 
the brown color of silver oxide appeared; the excess of silver in solution 
was precipitated with about 5 cc. of neutral 20 % sodium chloride solu¬ 
tion, and the original acidity of the solution then determined by titra¬ 
ting the excess of alkali with standard arid as already explained. 

When the volume of gas available for analysis was less than the capacity 
of the gas holder, the amount collected was measured by noting the rise 
of mercury in the graduated tube after the surface of the mercury in each 
vessel was brought to the same level. The upper stopcock was then 
closed, and the gas holder raised until all the mercury had passed through 
the lower stopcock. The latter was then closed, and the analysis com¬ 
pleted in the usual way. 

The following method was used in calculating the results: 

Let V t - volume of gas holder. 

T ■* absolute temperature, J7.t°. 

Tt, ■* temperature of gas sample when collected. 

P « standard pressure, 760 mm, 

Po ** barometric pressure at the time the sample was collected. 

Then the volume of the sample collected in the gas holder when reduced to standard 

conditions', V - V, X P./P X T/T. - V t X P./T. X 0.3593. 
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Since acetylene reacts with silver nitrate to give two molecules of nitric 
add per molecule of gas taken, it follows that i cc. of acetylene reduced to 
standard conditions is equivalent to 0.893 cc. of o. 1 N sodium hydroxide 
solution; or 1 cc. of o. 1 N sodium hydroxide solution is equivalent to 
1.120 cc. of acetylene. The number of cc. of 0.1 N sodium hydroxide 
solution required in the titration of any sample multiplied by the factor 
1.12 thus gives directly the volume which the acetylene in the sample 
would occupy under standard conditions, and this volume expressed in 
terms of the total volume of the sample taken gives directly the percentage 
of acetylene in the sample. By thus calculating once for all the volume 
of acetylene under standard conditions to which 1 cc. of the standard 
alkali is equivalent the necessary calculation for subsequent analyses 
becomes very much simplified. 1 

To test the accuracy of the method as thus developed analyses were 
made of the gas from an acetylene cylinder and the results compared with 
those obtained by absorption in fuming sulfuric acid. The acetone in 
the acetylene coming from the cylinder was removed by passing the gas 
through a suitable column of water, and the moisture then removed by 
means of anhydrous calcium chloride. With the volumetric method, using 
phenolphthalein as indicator, the results were found to vary in the case 
of 6 analyses from 97.8% to 100.8% of acetylene with a mean of 98 2%. 
Analysis of the same gas by the method of absorbing m fuming sulfuric 
add gave a mean value of 96 3%. The results obtained by the volu¬ 
metric method thus not only did not agree very closely among them¬ 
selves but were over 2% greater on an average than the mean value found 
by the absorption method. 

In order to determine the cause of this disagreement in the results, a 
number of blank titrations were run using the same proportion of the rea¬ 
gents, acetylene alone being omitted, as were taken for the analysis of the 
gas from the acetylene cylinder. It was found that the reagents exhibited 
a derided aridity towards phenolphthalein, and that the extent of the 
aridity varied with the amount of standard sodium hydroxide solution 
used in the titration. This is shown by the results given in Table II. 
In each of the experiments there were used 40 cc of a 5% silver nitrate solu¬ 
tion and 5 cc. of a 20% sodium chloride solution with water to make 150 
cc. 

In the analysis of the acetylene samples already referred to, 40 cc. of 
the standard alkali was added to the solution containing the silver acetylide 
precipitate, and the excess of alkali then titrated back with the standard 

1 In the analysis of acetylene that is stored or collected over water, the value of 
the vapor pressure of the water at the temperature of the experiment must be sub¬ 
tracted from the barometric pressure. With this correction the remainder of the 
calculation is then completed in the usual way. 
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add. For the analysis in question between 2 and 3 cc. of add was re¬ 
quired. In order to determine the blank that might most closely corre¬ 
spond to these conditions, about 36 cc. of the standard add was added to 
the acetylene-free silver nitrate solution, followed by 40 cc. of standard 
alkali. The solution was then titrated with standard add again to neu¬ 
trality as indicated by phenolphthalein. Under these conditions the 
apparent aridity of the reagents amounted to o 65 cc. of the o.i N hydro¬ 
chloric add. It was found, however, that when methyl orange was used 
as the indicator in titrations earned out in the same way the reagents 
then showed exact neutrality. 

Table II —Variation in thu Apparent Acidity op the Reagents Used in 
Acetylene Analym with the Amount op Standard Alkali Used 
in the Titration 


1 -xpt No 

0 1 N NaOH 
added 

Cc 

0 1 N HC 1 
required 

Cc 

Apparent acidity 
of the reagent* in 
cc of 0 1 N HCt 

I 

2 OO 

I 82 

0 is 

2 

5 00 

4 So 

0 20 

3 

6 00 

5 77 

0 23 

4 

10 00 

9 62 

0 38 

5 

40 00 

39 05 

0 95 


An analysis was now made of the acetylene from the same cylinder as 
before, using first methyl orange as indicator, following which a little 
more standard alkali was added and the titration with add repeated with 
use of phenolphthalein It was found that when the correction of 0.65 
cc. was added to the o 11V hydrochloric acid titration obtained with 
phenolphthalein the results as calculated from the values found with this 
indicator were then in exact agreement with those obtained directly with 
methyl orange. On applying the same correction in a recalculation of 
the results already reported for the analysis of the gas from an acetylene 
cylinder it was found that the mean value for the acetylene in the gas 
analyzed now amounted to 96 7%, instead of 98 2°^, which is in quite 
dose agreement with the value 96 3% found by the absorption method. 

It is apparent from the results given in Table II, however, that in the 
analysis of a gas containing a lower percentage of acetylene a different 
blank correction would have to be applied when using pbenolphthaldn. 
This indicator was accordingly discarded in all subsequent analyses in 
favor of methyl orange. With the latter indicator the end-point is not 
quite as sharp as with phenolphthalein but the accuracy of any titration 
may be readily checked by adding successive portions of the standard 
alkali and then titrating to neutrality as before with the standard add. 

A number of analyses were now undertaken to ascertain the accuracy 
of the method in the analysis of mixtures of ethylene and acetylene. 
Pure ethylene does not give any predpitate with silver nitrate solution, 
but it was noticed that when samples of this gas were collected in the gas 
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holder over mercury a slight precipitate sometimes occurred with develop¬ 
ment of a corresponding add reaction. This was traced to the presence 
of small droplets of mercury which adhered to the interior walls of the gas 
holder and which then reacting with the silver nitrate used in the analysis, 
gave rise to an add reaction through hydrolysis of the mercury salt formed. 
With a perfectly dean gas holder any quantity of mercury adhering to the 
gas holder was too small to have any effect on the analysis, but it was 
found that any appretiable amount of mercury in the solution to be titrated 
produced a wide variation in the results. 

In order to obviate the danger from contamination with mercury a 
new apparatus was devised to replace that represented in Fig. 2. This is 
shown in Fig. 3. B is an ordinary gas buret in which the sample to be 
analyzed is collected over mercury. The gas bulb D has a capadty of 
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about 55 cc. In the Erlenmeyer flask C is placed about go cc. of a 2.5% 
silver nitrate solution. This is then sucked up into the glass bulb and 
the stopcock at the top dosed. Connection is then made with the gas 
buret as indicated, and about 45 cc. or less of the sample to be analyzed 
is passed into the bulb over the silver nitrate solution. The stopcock of the 
glass bulb is then dosed, and the latter with its connecting flask discon¬ 
nected from the buret and shaken until absorption of the gas is complete, 
or until there is no further rise of the solution into the bulb. The stop¬ 
cock is then opened, allowing the solution and precipitated silver aeetylide 
to run into the flask. To this is added the rinsings from the bulb, and the 
titration then made directly in the flask in the usual way. 

By use of this procedure for absorbing the gas the occasion for drying 
a portion of the apparatus before making an analysis, as in the case when 
a gas holder is used, is avoided, and a further advantage is to be found 
in the fact that any leak in the apparatus is always inwards so that no 
loss of the sample takes place. 

When testing the accuracy of the method as thus modified in the analysis 
of ethylene-acetylene mixtures, special precautions were taken to prepare 
the separate gases free from all other hydrocarbons. The acetylene used 
was prepared by passing the gas from an acetylene cylinder through 
water and chromic acid solution, then over solid sodium hydroxide and 
phosphorus pentoxide and finally through a tube dipped in liquid air. 
The solid acetylene thus obtained was then allowed to evaporate and the 
middle portion collected over a 2o r } sodium chloride solution through which 
acetylene had abeen allowed to bubble for a time to expel dissolved air. 
The gas thus collected gave 99 ~ r \ absorption in fuming sulfuric acid. 

Ethylene of corresponding purity was prepared by dropping ethylene 
dibromide into an alcoholic solution containing a zinc-copper couple. 
Known mixtures of the two gases were then made up and analyzed first 
for acetylene by the volumetric method and then for total ethylene and 
acetylene by absorption in the fuming sulfuric acid pipet A, Fig. 3. The 
ethylene percentage was obtained by difference. The results are given 
in Table III. 

Table III. —Analysis op Mixtuxss of Ethylene and Acetylene. 

% taken % found 


Analyst* --- --■ -- . * -- - ■ — —^ 

No Acetylene Ethylene Total Total. Acetylene. Ethylene. 

*. 99 7 o-o 99 7 99 7 99 3 OO 

2 . 49 9 42 7 92 6 92 J 49 7 42 6 

3 . >83 60 4 88 7 87 7 J8 o 59 7 

4.... J8 1 60 5 88 6 88 9 28 3 60 6 

5 . ii-8 74 3 86 I 86.1 n 6 74 5 

6... 10.5 7J 6 86 1 861 10.3 75 8 


In Table IV are given some results which show the agreement to be ex¬ 
pected in successive analyses of the same gas by the volumetric method. 








WILLIAM H. ROSS AND HARLAN L. TRUMBULL. 


1188 

The gas to be analyzed was obtained from an acetylene cylinder and puri¬ 
fied by passing successively through water, dry calcium chloride, chromic 
acid deposited on pumice, dry calcium chloride again and finally over 
sticks of solid potassium hydroxide. Analysis of this gas by the absorp¬ 
tion method gave a mean value of 98 1%. 

Tabus XV.—Successive Analysis of Samples of Acetylene from the Same Source 
by the Volumetric Method 

Analysis Sample Barometric Acetylene 

No taken pressure Temperature found 

t .. 46 9 761 8 22 o 97 9 

3 . 45 5 761 8 22 o 98 o 

5 . . 46 6 761 8 22 1 98 3 

4 ... 44 8 765 4 221 98 I 

Mean = 98 1 

The values given in Table IV show that with careful analysis very closely 
agreeing results may be obtained by the volumetric method, and that in 
the analysis of acetylene free from other absorbable hydrocarbons results 
are obtained which agree very closely with those given by absorption in 
fuming sulfuric add. 

When acetylene is prepared from ethylene dibromide by treatment with 
alcoholic potash there is always present a greater or less proportion of 
vinyl bromide, depending on the temperature and column of alkali through 
which the evolved gas is passed. In one sample collected this amounted 
to as much as 60% of the gas while the content of acetylene amounted 
to only 39%. Vinyl bromide undergoes rapid and complete absorption in 
fuming sulfuric add and in neutral or ammoniacal silver nitrate. No dis¬ 
tinction could therefore be made between acetylene and vinyl bromide 
by the Tucker and Moody method for determining acetylene. Vinyl 
bromide, however, does not give rise to any aridity in silver nitrate solu¬ 
tion, and accurate results may therefore be obtained by the volumetric 
method in the analysis of acetylene mixtures containing this gas or any 
other hydrocarbon having a single or double bond. 

Summary. 

An account is given of a modification of the method of Chavastelon for 
the determination of acetylene in the presence of ethylene, or other sin¬ 
gle or double bond hydrocarbons, which is based on the volumetric de¬ 
termination of the nitric add set free when acetylene is predpitated with 
excess of silver nitrate solution. When making an analysis according 
to this method, the sample is collected in an ordinary water-jacketed gas 
buret under observed conditions of temperature and pressure, and passed 
into an apparatus of simple design containing an excess of silver nitrate 
with which the gas is shaken until absorption is complete. S tandar d 
alkali solution is then added directly to the solution containing the pre- 
dpitated -silver acetylide until the brown color of silver oxide appears; 
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the excess of silver is then precipitated with neutral 20% sodium chloride 
solution, and the excess of free alkali in solution finally determined by 
titration with standard hydrochloric arid solution using methyl orange as 
indicator. Having calculated once for all the volume of acetylene under 
standard conditions of temperature and pressure to which 1 cc. of the 
standard alkali is equivalent, the acetylene in any sample analyzed fol¬ 
lows directly from the volume of standard alkali required for the titra¬ 
tion, and this volume of acetylene expressed in terms of the volume of 
the sample taken, when also reduced to standard conditions of tempera¬ 
ture and pressure, gives the percentage of acetylene in the sample. 

The method as described is rapid, accurate and simple of manipula¬ 
tion, and lias the added advantage of giving accurate results for acetylene 
in mixtures of ethylene or of a gas of such similar properties as vinyl bro¬ 
mide which is readily absorbed in bromine, fuming sulfuric acid and in 
neutral or amnioniacal silver nitrate 

ElKlSWOOD, Md 


NOTE. 

The Use of Coal as a Substitute for Talcum to Induce Rapid Boiling.— 
While we were attempting to improve the method for the determination 
of small amounts of iodine, some substitute for talcum was sought which 
would cause a rapid boiling of tlic solution. The usual laboratory agents, 
such as pumice stone powdered brick, broken glass, glass beads, granite, 
etc., were tried and found to be unsuitable. The theoretically ideal agent 
would have to be insoluble in acid and alkali and not acted on by redac¬ 
tion or oxidation. 

Carbon in its various forms answers the theoretical requirements. It 
was found, however, that the various forms of carbon differ greatly in 
their power to cause rapid boiling of a solution. While powdered char¬ 
coal or coke has slight power in this respect, anthracite coal is without 
exception the very best substance to bring about the rapid boiling of a 
solution. The formation of bubbles does not take place on the sharp 
edges and corners alone, but over the hard, smooth surfaces of the coal 
minute bubbles form with great rapidity, and under some conditions a 
piece of coal 2 cm. cube can be raised from the bottom of the flask by 
the rapid formation of bubbles on its surface. It acts in a similar manner 
in the acidification of a carbonate or sulfite solution. The bubbles of 
sulfur or carbon dioxide are liberated on the surface of the coal. Coal 
is equally successful in preventing bumping in Kjeldahl flasks and in the 
distillation of organic liquids. If the coal is kept under water indefinitely 
it becomes less active, but heating in an oven will restore its activity, 
Another great advantage of coal is the fact that it is easily cut with 
a dental drill and a small glass hook can be inserted in the coal. Alter 
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the solution has been boiled, if it is so desired, the coal may be re¬ 
moved by a glass rod with a hooked end which passes through the 
glass hook in the coal. One or two pieces about i cm. cube are better 
than many smaller pieces. As powdered anthracite coal has almost no 
effect, the specific and unusual properties of hard coal in this regard must 
be due to its structure in the mass. E- C. Kendall. 

Mato Tovxdatxqx, 

RocKssrsfi, Minn, 
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ON THE QUINONE-PHENOLATE THEORY OF INDICATORS. 
ON THE REACTIONS OF PHENOLSULFONPHTHALEIN, 
AND ITS BROMO AND NITRO DERIVATIVES, AND 
THEIR MONOBASIC AND DIBASIC SALTS . 1 

By E C. White and S F. Acres. 

Heelived July 27, 191B 

The quinone-phenolate theory of indicators was brought out fully in 
1908 by one 2 of the authors of this paper to explain the striking changes 
of color produced by the addition of alkalies to solutions of aurine, phenol- 
phthalein and analogous substances. The chief color change was assumed 
to be merely the transformation of the faint yellow quinone-phenol, 
—C(:CjHi:O)(C 8 H, 0 H), into the quinone-phenolate salt, — C(:C»H 4 0 )- 
(CjHiOK), common to all these substances and absorbing the violet, blue, 
and green and transmitting the red light. The theory' proposed was an 
attempt to correlate f i) the relations between the constitution and color 
changes of the rosanilme, aurine, and phenolphthalein salts on the one 
hand and (2) the mathematical relations of the tautomeric forms and the 
affinity constants and reaction velocities of the various acid and salt 
groups on the other hand, as had been done by the application of the mass 
law and conductivity and reaction velocity measurements to the urazole 
series.* 

The work of Friedlstnder 4 and of Nietzki 6 and his students showed clearly 
that lactoidal colorless phenolphthalein (I) changes into salts of a colored 
quinoidal form (II), 

* The material presented in this paper and in two earlier articles (This Journal, 
39, 648 and 40, 1092 (1917)) represents a thesis presented to the Regents of the Uni¬ 
versity of Wisconsin in 1913 by E C White, in partial fulfillment of the requirements 
far the degree of Doctor of Philosophy The experimental work was performed partly 
in Johns Hopkins University, and partly in the Forest Products Laboratory, Madison, 
Wisconsin. 

* Am. Chem. 37, 72 (1907); 39 > J55, 528 (19c*). 

* Ibid., 3Q, 124, 326 (1908) 

* B*r„ 36, 172 (1893). 

* Ibid., 3 ^ 45 (i« 9 S); 3 *» >75 (>897)- 
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and thus connected the constitution of these compounds with Ostwald’s 
theory that indicators undergo changes of color because of simple changes 
in ionization without necessary attendant changes on chemical structure. 
Hantzsch, 1 and later Stieglitz, 2 developed this view mathematically and 
used Hantzsch's equation f Q X Gi = K* X C U1 for a tautomeric 
monobasic acid. 

Our theory of indicators postulated that a simple change of the dibasic 
tactoidal phenolphthalein into the monobasic salt (III) is not sufficient to 
explain the remarkable colors produced and that the chief source of in¬ 
tense color is due to the presence of both a quinone group and the salt of 
1 phenol (IV). In other words, we treated phenolphthalein as a dibasic 
icid giving dibasic red salts. Indeed it is hard to understand how any¬ 
one could have come to any other conclusion after having read Fried- 
dnder’s paper showing the analogy 7 between the color changes of aurine 
rad phenolphthalein and their salts, which he assumed to be the phenol 
tails of quinones, HOC e H,C (: C.Hr: O) (: C 6 H,ONa) and NaOOCC,H t — 
Z( : C«H<: 0 )(CsH< 0 Na), or after having seen the significance of Nietzki’s 
vork showing that the faint yellow solutions of the quinoidal carboxyl 
ster of tetrabromo-phenolphthalein (C s Hi,OOCCtRi)C(: C«H t Brj: O)- 
’C*HiBrjOH), gave the intensely blue potassium and silver quinone-phe- 
wlate salts (C*HjOOCC«H.i)C(: CjHjBr.: O'! (CsHjBrgOK). Notwithstand- 
ng these facts, there had been necessarily much confusion and lack of 
ogic and vision in attacking these problems, and it must be realized that 
.here is still great uncertainty concerning many of the dyes used today. 
Sven with the above mentioned aurines, we realized that it was not cer- 
ain whether the mono- or dibasic salts, or both, give the intense colors, 
ind much interesting light has been shed on this by Pafilfls, Schaeffer and 
[ones. Even though we used as evidence for the theory the intense colors 
>f the ester salts of phenolphthalein discussed above, and those described 

* her., 39, 1090 (1906). 

•This Journal, as, rm (1903). These ideas were abandoned after the ap¬ 
pearance of onr paper in 1908. 
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by Green, 1 yet we realized’ that the intense color might arise from mono- 
and dibasic salts formed by saponification of the ester group. Meyer’ 
and Spengler thought that they proved that the deeply colored salt of 
phenolphthalein is dibasic because they found that pbenolphthalein 
dissolves as a red solution in approximately two molecules of alkali. 
The real lack of proof in such a case is seen at once when we 
recall that Slagle* and one of us found wide variations in the amount 
of alkali required to dissolve various indicators and derivatives, the 
results depending on the solubility and hydrolysis constants. Another 
example of the inconclusive nature of Meyer’s evidence is shown by the 
fact that phenolsulfonplithalein dissolves in one molecule of dilute alkali 
as a yellow monobasic salt which, however, looks red if there is a slight 
excess of alkali as in Meyer's experiments: in such a case one would in¬ 
correctly draw Meyer’s conclusion that the solution of the mow alkali 
salt of phenolsulfonphthalein is red, whereas it is really yellow. In other 
words a red mono- or other salt might have been mixed with the apparent 
dibasic salt which Meyer made, just as dibasic sodium sulfate can be 
colored with a small trace of dye. Baeyer developed his once widely 
accepted earbonimn valence theory on the wrong idea that p-oxy-di- 
phenylphthalide in alkaline solutions has a red color, which he after¬ 
wards found was really caused by a trace of phenolphthalein present 
as an impurity. Even with all this mass of evidence made uncer¬ 
tain by the possible presence of colored impurities in these compounds, 
and with the uncertainty whether there must be a second ion in 
combination with the quinone-phenolate salt and its ion, we thought that 
certainly the quinone-phenolate theory was worthy of investigation. 
What was most needed was the preparation of a series of yellow monobasic 
salts * and red dibasic salts of pure compounds of the phenolphthalein type, 
and these we have now made in the phenolsulfonphthalein series, and are 
studying extensively by the use of spectrophotometric methods and the 
hydrogen electrode. _ + 

Not only was the quinone-phenolate group —C(: Cjli,: 0 )(C«H< 0 K) 
thought to be deeply colored but it was pointed out that the intensely 
colored double compounds discovered by Jackson 5 when he mixed quinones 

1 Ber., 40, 3714 (1907). 

* This Jovsnai, 38, 2774 (1916). 

•Ber., 38,1318(1905). 

4 Am. Chem. J., 42, 115 (1909). 

4 Although the yellow carboxyl esters of phenolphthalein, ROOCC«HjC(:C*H.: 0 )- 
(C.H.OH), have been isolated, the corresponding yellow ear bos y late salts have not 
been made. As these must be present in the incompletely neutralized solutions of 
phenolphthalein and its homologues we expect to measure the concentrations of such 
mono- and dibasic salts by the spectrophotometric methods which we are now em¬ 
ploying.—B mchTmah and Acrhs. 

• Am. Chem. J., 18,1 (1894); 34 . 44 * (* 9 oi). 
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and phenolate salts, for example, 0 : CsH*: 0.2C*H»0Na, may also be pres¬ 
ent in solutions of the dibasic salt (IV) of phenolphthalein and analogous 
substances, a fundamental relation overlooked by those acquainted for 
years with Jackson’s work. Whether the combination of the quinone 
with the phenolate ion or with the nonionized phenolate salt is chiefly 
responsible for the color change was left for future work. 

Equations were developed to show that the "apparent” affinity' constants 
of the indicators involved the equilibrium constants of the different tau¬ 
tomeric forms, and the ionization constants of both the carboxyl group 
and the phenol group, as had already been proved experimentally with 
the urazoles. Contrary to the views of Hantzsch and Stieglitz, that a 
large affinity constant for the carboxyl group would cause a greater tendency 
to produce the red color or red salt, our equations showed that the addi¬ 
tion of a small fraction of a mol. of alkali to a strongly add carboxyl 
group would cause the formation of a greater amount of the faint yellow 
carboxyl salt and hence less of the (dibasic) phenol salt of such carboxyl 
salt and less intense color. At that time we had developed and applied 
to the urazoles the equations for only monobasic tautomeric acids, but we 
pointed the way 1 for the extension of these methods to dibasic adds when 
we could take up the quantitative study of this indicator theory. The 
equations covering fully the complete theory have now been developed 
by Birge and Acree and applied extensively in work soon to appear. This 
theory and our equations have meanwhile been accepted and developed 
further for special cases in the last few years by Wegscheider, A. A. Noyes, 
Rosenstein, Biddle, Willstaetter, Bjerrum, Jones, Schaeffer and Paulus, 
hubs and Clark, and Cain. 


Theoretical Discussion of the Sulfonphthalein Series. 

Owing to the necessity for preliminary work on the theory that both 
the ions and molecules of electrolytes are chemically active, which had 
to be completed before we could explain the reactions of alkyl halides 
with salts of indicators, the quantitative study of the quinone-phenolate 
theory of indicators was delayed until the investigations on the color changes 
produced by the addition of alkalies to phenolsutfonphthalein and its 
derivatives were taken up in 1 914-15 in understanding with Professor 
Remsen, 1 who first developed this group in 1890. 


< C(C«H«OH), 

Yi 

S 0.-0 

Colorless lactoid. 

(V). 




CJI«'. 0 )(C*H. 0 H) 


SO>H 
Yellow quinoid add, 
(VI). 


1 Acree, Am. Chtm. J„ 39, 328, 34a 343 (1908).. 
* Tbid., ao, 257 (>898); as. »oi (1901). 



1194 


8 . C. WHITE AND 8. 8. AGREE. 



(C*H 4 : 0 )(CiH 40 K) 


SOj“K + SO,K 

Yellow quinoid salt Intense red quinone-phenolate salt. 

(VII). (VIII) 


The sulfonphthaleins were chosen for further work because it seemed 
probable that they would yield definite monobasic and dibasic salts and 
hence give final crucial evidence that the chief cause of the intense color 
in alkaline solutions is due to the dibasic quinone-phenolate salt (IV) and 
(VIII), and that the monobasic salt (III) and (VII) postulated formerly 
by others as a deeply colored salt, would prove to have only a faint yellow 
color arising from the quinone, in accordance with our theory. These salts 
were prepared about 4 years ago and since we have now completely sub¬ 
stantiated the theory by spectrophotometric methods the work will now 
be described. The properties of the sulfonphthaleins are almost ideal for 
a study of this kind. In the first place they are soluble in both water and 
alcohol, like most sulfonic adds, and unlike the phenolphthaleins. In 
the second place, the substances are colored in the solid state and in 
solution and would seem to exist in part at least in the quinoidal condi¬ 
tion (VI). This fact reminds us of the deep color shown by fluorescein 
and eosin, which show a derided contrast to phenolphthalein, which is 
Colorless in the solid state and in solution. If the colored phenolsulfon- 
phthalein exists appreciably in quinoidal form in solution, the fact should 
be demonstrated readily not only by the color changes but especially by 
the affinity constants of the sulfonic arid and of the phenol groups as 
determined by conductivity methods, 1 the hydrogen electrode, catalytic 
methods, and colorimetric or spectrophotometric 2 methods. A glance at 
the Formulas V and VI shows that in V we have two phenol groups which 
are certainly very weak acids. In Formula VI we have a sulfonic arid 
and a phenol within the same molecule. The sulfonic acids are very strong 
adds, approaching the mineral acids in affinity constants, and the direct 
measurement of the conductivities of the solutions of the phenolsulfon- 
phthaleins and the use of the ionic velocities found for such substances 
should, therefore, give us some measure of the relative per cent of (V) and 
(VI). This is in decided contrast to the fact that the carboxyl groups of 
solutions of phenolphthalein, fluorescein, and eosin give so few ions and 
the conductivities are so small that this direct method can not be used. 
The conductivities of phenolsulfonphthalein at varous concentrations 
have been used 3 as a direct measure of the per cent. 0 the quinoidal foam 
in the solution and these results have been verified to some extent by 
1 White and Acree, This Journal, 39, 648 (1917). 
s White sad Acree, Ibtd., 40, 1092 (1918), 

* White end Acree, hoc. pit. 
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corresponding measurements by the use of the hydrogen electrode, and 
spectrophotometric 1 data for the free add and its mono- and dibasic 
salts. Since the lactoidal phenolsulfonphthalein is doubtless colorless, 
the yellow color given by the monobasic salt (VII) and that given by 
solutions of the free add could also be used as a measure of the per cent, 
of the quinoidal form in equilibrium with the colorless lactoidal substance. 

The addition of alkalies to solutions of the sulfonphthaleins and the 
isolation of mono- and dibasic salts has allowed us to differentiate 
between the colors and spectra of the monobasic* salt (VII) and the 
dibasic salt (VIII) and has given evidence which has dedded beyond 
question whether the monobasic salt or the dibasic salt is responsible 
for the intense color changes. A consideration of the affinity con¬ 
stants* of the sulfonic adds, about so -1 , and of the phenols about 
io~* to io" 10 , makes it clear that the addition of an alkali to a 
solution of a mixture of the quinoidal and lactoidal phenolsulfon¬ 
phthalein would result in the production of practically only the 
sulfonate salt in the first stages of the titration and that only toward the 
end of the introduction of one molecule of alkali would the partition of 
the alkali between the remaining free sulfonic add and the entirely free 
phenol result in the production of appredable quantities of the intensely 
colored dibasic salt. If the yellow color and spectrum of the solution of 
the phenolsulfonphthalein arise merely from the presence of the quinone 
group, uncombined with appreciable amounts of ionized or nonionized 
phenols, the monobasic salt (VII) should have practically only the same 
yellow color, which would change to an intense red only after the addi¬ 
tion of sufficient quantities of alkali to neutralize a part of the phenol 
group in (VII) and allow the formation of the quinone-phenolate salt and 
the intensely colored double compound (IV) and (VIII) arising from the 
union of the quinoidal group with the phenolate ion or the nonionized 
phenolate salt. Since it requires 0.85-0.95 mol of alkali to change the 
yellow add noticeably into a red salt, whose concentration increases until 
2 or more mols of alkali are added, the evidence is fortunately so condu- 
sive that there is no doubt that the monobasic salt (VII) is yellow like 
the free add and is only faintly colored in comparison with the intensity 
of the color of the deep red dibasic salt (VIII); and the absorption spectra 
substantiate this evidence. 

.The comparison of the colors of the free phenolsulfonphthalein with 
those given by the free tetrabromo and tetranitro derivatives gives 
us the much needed proof that the chief source of the intense 

1 White and Acne, Lot. ciL and data soon to be published by Gay, Birge, Bright - 
men, Hopfield, Meacham and Acree. 

* White and Acree, Science, 4a, 101 (1915); This Journal, 40,1093 (1918). 

* Lube and Acree, Tars Journal, 38,3772 (1916). 
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color is a combination of the quinone with the phedolate ion. If the view 
were correct that the deep color of phenolphthalein comes from a mono¬ 
basic carboxyl salt, it follows at once that a solution of phenolsulfonphthal- 
ein, with a high conductivity arising from the highly ionized sulfonic add, 
should have a deep red color corresponding to the color of the red solution 
produced by the addition of two molecules of alkali. The facts are against 
this hypothesis, as the solution is yellow, because of the quinone group. 
If, on the other hand, the theory is correct that the solution becomes 
deeply colored only after the formation of qmnone-phenolaie ions, the addi¬ 
tion of bromo or nitro groups to the phenol groups should (and does) 
increase the ionization and conductivity 1 of the phenol and hence causes 
the solutions of tetrabromo- and tetranitro-phenolsulfonphthalein to have 
much more of the corresponding blue and red colors given by the dibasic 
salts. Furthermore, the addition of hydrochloric add to solutions of the 
free tetrabromo- and tetranitro-phenolsulfonphthalein should suppress 
the ionization of the phenol groups and hence change the intense blue and 
red colors to the faint yellow of the nonionized quinone phenols, which 
become ionized and deeply colored again when the add is neutralized with 
alkalies or diluted with water. The bromophenol groups of the tetra- 
bromo-phenolsulfonphthalein are not as highly ionized as are the nitro- 
phenols and we find that the concentrated solutions show less of the blue, 
which comes out strongly on diluting the solution or adding alkalies, 
The nitrophenol groups, however, are much more highly ionized and give 
enough quinonepbenolate ions to form an intensely red color which 
is very little accentuated by the addition of alkalies to deep layers of the 
solution studied. The addition of considerable hydroctiloric acid suppresses 
the intense red to the yellow of the quinone-phenol. This yellow color 
changes into the red again when the solution is diluted with water or neu¬ 
tralized with alkali. Spectroscopic evidence favoring these views has al¬ 
ready been published by us and the other descriptive matter is presented 
in this article. 

The sulfonphthaleins are particularly adapted to this study for another 
reason. Although there is much left to be desired concerning the sol¬ 
ubility of these substances, which we shall try to increase by the intro¬ 
duction of more sulfonic arid groups , 1 they are much more soluble in water 
and in alcohols than are the phenolphthaleins, fluoresceins, aurines, and 
analogous substances. It is easy to prepare o.ooi N solutions of phenol- 
sulfonphthalein and of its tetrabromo and tetranitro derivatives, and 

1 Tats Journal, 39,648 (1917). 

* This method of increasing the solubility*of dyes and indicators by introducing 
sulfonic acid groups has been emphasized in lectures on dyes for a number of yean 
and will be used as widely as possible, especially in the aurine and phenolph thalein 
series which are sparingly soluble in water. 
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Lubs has found thymolsu]fonphthalein and its dibromo derivative to be 
even more soluble. It is, therefore, much easier to measure the colors 
and affinity constants of the sulfonphthaleins directly than can be done 
with the phenolphthaleins and this fact makes it much easier to study 
the changes in color and in affinity constants produced by substituent 
groups in the benzene sulfonic acid grouping and in the phenol groups. 
It is possible to introduce negative chloro, bromo and nitro groups, cm- basic 
amino or substituted amino groups, or neutral alkyl groups, or add phenol 
and sulfonic add groups, into both the benzene sulfonic add and the 
phenol groups of the sulfonphthaleins and obtain a large number of homo- 
logues and derivatives of these substances having a wide range of “effective” 
affinity constants and useful hydrogen ion concentration ranges. This 
part of the synthetic work is now being prosecuted as rapidly as possible 
by us 1 and also by Professor Omdorff, -who has reached an understanding 
with us and has begun work along similar lines involving the sulfonphthal¬ 
eins. The measurement of the “effective” affinity constants of the 
sulfonphthaldns by both the hydrogen dectrode and by very accurate 
spectrophotometric methods involving studies of “salt effects” was pro¬ 
posed by one of us and extensive investigations, partly completed, are 
under way. 

Experimental. 

Preparation of the Acid Ammonium Salt of Orthosulfobenzoic Acid.— 
This substance, which is the starting point in the preparation of phenol- 
sulfonphthalein, is prepared by the hydrolysis of saccharine. 400 g. of 
saccharine is suspended in 6 or 7 liters of water to which 500 cc. of cone, 
hydrochloric acid has been added. The mixture is boiled until all the 
saccharine has been dissolved, and water is added to replace that lost by 
evaporation. The commercial saccharine available at present is very 
pure (ours was obtained from the Monsanto Chemical Works, of St. Louis) 
and does not deposit the p-sulfaminebenzoic add present as impurity in 
the material used by Remsen and his students. After solution of the 
saccharine the liquid is evaporated to about 600 cc., with constant stirring 
when the volume becomes small. On cooling, most of the add ammonium 
salt crystallizes out. 

Preparation of the Anhydride of O-sulfobenzoic Acid.—This sub¬ 
stance has been variously prepared—by heating the add, by distilling the 
add with phosphorus pentoxide, and by the action of chlorinating agents 
on the add salts. The first ifaetliod is unsatisfactory, for the add loses 
, its water with great difficulty. The second method also is unsatisfactory, 
because of the bulk of the pentoxide needed when any considerable quan¬ 
tity of the anhydride is to be prepared, and also because the dehydration 
1 See Davis and White, J. Urology, 2, 107 (1918), for the synthesis of a number of 
important compounds in the sulfonphthsJein, phenoiphthalein and other series. 
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is accompanied by excessive charring. The distillate of the anhydride, 
moreover, is likely to be dark colored, owing to volatile impurities carried 
over with it. Both these methods are also open to the. objection that 
the free add is hard to prepare. 

The most satisfactory' method for the preparation of the anhydride 
involves the use of thionvl diloride. After we had developed the use of 
this reagent, which we have applied extensively, we learned that Cobb 1 
had used this reagent on the acid potassium salt, and obtained a yield of 
80% of the anhydride. The action of the thionyl chloride seems to be 
confined entirely to the carboxyl group. We have modified this method 
somewhat, and have obtained nearly theoretical yields, even though the 
method involves the extraction of the anhydride by means of benzene. 
We used the acid ammonium salt instead of the potassium salt, and 
found it unnecessary to use the large amounts of thionyl chloride recom¬ 
mended by Cobb. Enough of the chloride is used just to wet the salt 
thoroughly. The salt must be finely powdered. The mixture, under a 
reflux condenser, is heated on the water hath for 3 hours; the excess of 
the chloride is distilled off itt vacuo, a small amount of the anhydride being 
carried along. The residue, consisting of the anhydride and ammonium 
chloride, forms a hard cake, and the flask must sometimes be broken in 
order to remove it. It is broken up and extracted with dry benzene. 
The use of the usual paper thimble is not permissible, as the paper chars 
badly and contaminates the product. The benzene solution darkens 
somewhat as the extraction proceeds, but on cooling it deposits beautiful, 
colorless crystals of the anhydride. Typical preparations gave the fol¬ 
lowing yields : 

1 50 g. add salt and 80 g thionyl chloride gave 30 g. anhydride, corresponding 
to a yield of 80%. 

2 150 g acid salt and 100 g. thionyl chloride were used. 60 g. of the chloride was 
recovered. 115 g of the anhydride was obtained, or 91% of the theory. 

Preparation of Phenolsulfonphthaleia.—As the product of the action 
of thionyl chloride on the acid ammonium salt should consist of only 
ammonium chloride and the anhydride, there appeared to be no reason 
why we should not proceed directly to the preparation of phenolsulfon- 
phthalein by heating such a mixture with phenol, without previously 
extracting the anhydride. We made many attempts to prepare the an¬ 
hydride in this way, but were unsuccessful. The mixture, when heated 
for 24 hours at 130-135°, formed a red, tarry mass, which on boiling with 
water became oily. The oil dissolved in alcohol to give an orange solu¬ 
tion, from which crystals, presumably of benzoic acid, separated. They 
were recrystallized several times by dissolving in alcohol and reprecipitat¬ 
ing with water, and then showed the melting point of benzoic add. This 

1 Am. Chm. 35, 502 (1906), 
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was not changed by mixing the substance with benzoic acid. We made 
no further attempts to identify the other substances. 

By heating the pure anhydride with phenol, formation of the phthaksn 
readily takes place. 1 108 g. of the anhydride was mixed with 120 g. of 
phenol, and heated in an oil bath at 130-135°. The mixture fuses to 
a yellow liquid as soon as the phenol melts. The color soon becomes 
deep red, and the liquid slowly liecomes opaque and viscous. The max¬ 
imum viscosity seemed to be reached after about 6 hours’ heating; 18 hours 
further heating produced no appreciable difference. The product dis¬ 
played a green-red irridescence. The excess of phenol was distilled out 
with steam, the residue washed with water, dissolved in alkali, filtered 
from a small amount of insoluble matter, and precipitated with add. It 
was then washed again and dried. 

We made many attempts to find a means of crystallizing this material. 
It is only slightly soluble in all the solvents that were tried, with the 
exception of hot phenol and glatial acetic acid. One g. of the material was 
dissolved in about 50 cc. of boiling phenol. The solution was allowed to cool 
as far as possible without solidification, and a large amount of ether was 
added. A very fine, granular powder separated out, which under the 
microscope showed poorly crystalline form. This powder was thoroughly 
washed with ether to remove phenol and dried at 120°. It is more soluble 
in water than the product obtained by precipitation from alkaline solu¬ 
tion, and is lighter in color. The difference in solubility is doubtless due 
to the smaller size of the particles. 

Titrations of Phenolsulfonphthalein. : —The powder is soluble in water 
to the extent of 0.03 g. in 100 cc. Solution is extremely slow', and the water 
must be boiled vigorously. The solution sometimes shows a slight cloudi¬ 
ness, but the amount of material in suspension from 0.03 g. of the phthalein 
is not weighable. 

The alkali used in the titrations was prepared by dissolving sodium 
in freshly boiled distilled water. The solution was titrated against hydro¬ 
chloric acid that had been standardized gravimetrically, and was used 
immediately against the phthalein solution. 

From what has been said in the earlier part of this paper, we should 
expect that when alkali is added to such a phthalein solution the first 
reaction would lie the formation of a monobasic salt, a sulfonate. This 
reaction should continue until approximately all of the sulfonic add is 
1 At the suggestion of one of us Mr. L. K. Baldwin has shown that stannic chloride 
is an excellent condensing agent for the preparation of phenolphthalein from phthalic 
anhydride and phenol. We expect to use the stannic chloride, and other simitar salts 
easily decomposed by water, widely in the preparation of phthaleins, sulfonphthaleins 
and similar compounds. 

* The material used in some of these titrations was kindly furnished by Mr. H. A, 
B. Dunning of the firm of Hynson, Westcott & Dunning, Baltimore. 
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neutralized, when the alkali should act on the phenolic hydroxyl and thus 
form an intensely colored dibasic salt. According to the quinone-phe- 
nolate theory, the solution of the monobasic sulfonate should not differ 
materially in color from that of the free add; hence, we should be able to 
add to the solution of the add approximately one equivalent of alkali 
without the appearance of a color change, but on further addition of 
alkali an intense color should appear, due to the formation of the dibasic 
salt, which contains the quinone-phenolate complex, whereas the free add 
and the monobasic salt do not. 

A saturated solution of phenolsulfonphthalein in water has an orange 
color. This is what we might expect from the fact that the dye has a 
quinone group. If a drop of very dilute alkali is added, an intensely red 
or purple streamer appears locally, but disappears when the solution is 
stirred. As more alkali is added the phenomenon is repeated, until at 
a certain point the solution develops a red tinge which does not disappear 
on stirring. Two drops of 0.02 N alkali, or about 0.10 cc., make this 
color change marked. 

Although we have carefully considered the possibility that some of these 
color phenomena may arise from impurities in the phenolsulfonphthalein, 
we believe that the explanation of these color changes is obvious. When 
a drop of alkali is added to the orange solution, the alkali is Locally in 
excess of the phthalein, and some of the intensely colored dibasic salt is 
formed. As this is stirred up, it is acted upon by the free add, with the 
formation of the monobasic salt, which is not intensdy colored:— 

/O'* /O oh /0° h 

000 * + cy^o- ~ 

Xv/x SO,K X ^ /Xs SO,H X '' /Nv SO,K 

Intensdy colored. Yellow. Yellow. 

The final appearance of the persistent red color is due to the permanent 
formation of dibasic salt. 

The following data show the amount of alkali required to produce the 
permanent color change. Approximately 0.02 AT alkali was found to be 
suitable for the titrations. In the column headed “cc. NaOH, theory” 
are given the number of cc. of alkali corresponding to one molecular 
equivalent with respect to the phthalein. 

Titrations 1-6, inclusive, were made with material obtained from 
Hynsc®, Westcott and Dunning, the others were made with material of 
our own preparation, 10, 11 and 12 having been crystallized from phenol 
by the method already described. (Most recent preparations have re¬ 
quired 0.93 to 0.95 mol alkali and’further purification will be attempted 
for the very exact spectrophotometric data.— S. F. A.) 
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No. 

Wt. of 
phthalein 

Val, of solu¬ 
tion. Ce 

Cc.NaOH, 

theory. 

Cc. NiOH 
found. 

%tn 

mol. tq. 

I. 

. O-O314 

300 

4.28 

3-75 

87.6 

2 .. * 


IJO 

4,28 

3.73 

87.1 

3. 


125 

3 99 

3-43 

87.2 

4. 


200 

4.40 

3-77 

85.6 

3. 


20 

2.4O 

2 . IO 

87.5 

6. 


150 

5.73 

4-97 

86.6 

7 . 

. O.O131 

IOO 

* .73 

i -51 

87.2 

8. 


300 

5 - 95 1 

4.76 

80.0 

9 . 


300 

5-03 

3-96 

78.7 

IO. 



4-54 

4 II 

90 S 

11. 



386 

3 49 

90.4 

12. 

. 0.032<> 


5 <H 

4.41 

87.5 


At., 86.3 

The fact that less than one equivalent of alkali is required is 
explained as follows: as more and more of the sulfonic acid is 
neutralized, the ionization of the remaining sulfonic acid is suppressed, 
and its acidity is, in effect, lowered. When approximately 95% of one 
molecular equivalent of alkali has been added, there are present about 
100 parts of phenol hydroxyl to every 5 parts (at most, depending on the 
purity) of sulfonic add still unneutralized. Since the ionization of this 
remaining free sulfonic add is reduced by the presence of the sulfonic 
acid salt already formed, the phenol can at this point visibly compete 
with the sulfonic add for the alkali. Hence, further addition of alkali 
results in the formation of the phenolate group, with the consequent appear¬ 
ance of intense color. These figures vary, of course, with the purity of 
the compound and the substituent groups, as has been shown by Lnbs 
and Acree. 1 

These titrations show, then, that we can add nearly one molecular 
equivalent of alkali before the appearance of a color change; in other 
words, the monobasic salt does not differ in color to any appreciable 
extent from the free add. 

Monopotassium Salt. —We have, moreover, isolated monobasic salts 
of phenolsulfonphthaldn, although we are not sure that they are 
perfectly pure. In every case the color of the solutions of these salts 
is orange; the addition of alkali to these solutions produces an intense 
purple color, due to the formation of the dibasic salt. When solid 
phenolsulfonphthaldn is stirred up with enough strong potassium hydrox¬ 
ide to dissolve it, the intense purple color is developed, but if an 
excess of the phthalein is now added, the solution, on stirring, becomes 

1 A new standard alkali solution was used in this and succeeding titrations, which 
accounts for the fact that 8 required a larger volume of allmK than did 6 , although 
Sample 8 was smaller than Sample 6. 

1 Lub* and Acree, This Journal, 38,3772 (1916). 
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orange-red, and more of the phthalein dissolves. Such a solution, in 
which no more phthalein would dissolve, was filtered, and the rather 
viscous filtrate was evaporated to dryness on the water bath. The loss 
of water was slow, especially towards the end of the process. A glassy, 
brittle, dark-red residue was obtained. The material, after being finely 
ground in an agate mortar, was dried to constant weight at 120°. It 
was analyzed for potassium by converting it to potassium sulfate. As 
the digestion with cone, sulfuric acid was extremely difficult, the material 
was first ignited in a platinum crucible until the ash was perfectly white; 
this was dissolved in dil. sulfuric arid, carefully evaporated to dryness, 
and again ignited. It was found that the ash formed by the first 
ignition gained practically no weight by the treatment with sulfuric add; 
hence it must have consisted almost entirely of sulfate. 

Potassium salt, 0.1510, o 3877. K»SO,, 0.0327, 00821 

Calc, for CnHuChSK. K, 9.98 Found 9 71, 9 50 

Although the potassium content is a little low for the monobasic salt, 
there is probably a trace of the dibasic salt present also, for the color of 
the solution of the substance, while distinctly orange, is noticeably deeper 
than that of the free acid or of a solution of the free acid to which as much 
as 75% of one molecular equivalent of alkali has been added. When we 
consider how intensely colored the dibasic salt is, we see that a very small 
amount of it would affect the color of the monobasic salt very consider¬ 
ably. However that may be, the color of the product is so far different 
from that produced when more alkali is added to it that there can be no 
doubt as to the wide difference between the colors of the monobasic and 
dibasic salts. 

In accounting for the low potassium content, we must consider that 
phenolsulfonpbthalein is somewhat soluble in water, and the method of 
preparation of our monobasic salt permits the solution of a certain quantity. 
This lowers the potassium content of the product. The substance is, 
then, most likely contaminated with small amounts of dibasic salt and 
of free arid. The coexistence of the latter two would not be surprising, 
for we have the same condition when there has been added 86 to 95% 
of one equivalent of alkali in the titrations already described. 

The monobasic salt is readily soluble in water and in alcohol, but in¬ 
soluble in ether. If ether is added to the alcoholic solution an emulsion 
is formed, and on standing the salt forms a sticky mass on the sides of the 
vessel, and does not crystallize. 

Mono-silver Salt. —When a water suspension of silver oxide and phenol- 
sulfonphthalein is shaken up a purple color develops at first. If an excess 
of silver oxide is present, the purple color (dibasic salt) remains for a time, 
bat soon a brown sludge forms, which is so finely divided that it passes 
through filter paper. This is probably due to the reducing effect of the 
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phenol group upon the oxide. If, on the other hand, an excess of the 
phthalein is used, the purple color gives way to an orange one, and all 
the silver oxide dissolves. The solution, when filtered and evaporated 
in the same manner as the potassium salt, gives a material identical in 
appearance with that salt, and showing the same solubility and color of 
solution. On ignition it gives metallic silver, although we might expect 
that silver sulfide or sulfate would be formed from a silver salt of a sul¬ 
fonic add. The analyses follow: 

Sabs., 0.2 556, 0.41 53. Ag, 0.0591, 0.0958. 

Calc, for Ci,H u O»SA£: Ag, 23 39. Found: 23.12. 23.06. 

Mono-calcium Salt.— Calcium carbonate in excess was shaken up with 
a water suspension of phenolsulfonphthalein and allowed to stand, with 
frequent shaking, for several days. The orange-colored solution was 
filtered and evaporated as in the other cases. A sample dried to constant 
wdght was ignited, evaporated with sulfuric add, and ignited again. 

Subs., 0.1085; CaSO,, 0.0210. 

Calc, for (CuHnOiSjiCa: Ca, 5.6. Found: 5.3. 

This salt was similar to the other monobasic salts in every respect. 

Pyridine Salt.— Phenolsulfonphthalein readily dissolves in pyridine. 
An excess of the latter was used, the solution was filtered and evaporated 
on the water bath. (The use of an excess of the dye gives a viscous mass 
from which the excess cannot be filtered.) The salt formed a soft, tarry 
mass, whose solution resembled in color that of the other salts. When 
heated to 110-120° it became hard and dry, but still smelt of pyridine. 
This odor did not disappear even when the salt was allowed to stand 
over sulfuric acid in a vacuum, and the attempt to remove the free pyri¬ 
dine by heating the material at 120° for a long time resulted in decomposi¬ 
tion. 

An attempt was made to prepare a pyridine salt by allowing the phenol¬ 
sulfonphthalein to stand over pyridine in a desiccator. The substance 
attracted much pyridine, finally forming a liquid mass like that obtained 
in the previous experiment. 

Ammonium Salts of Phenolsulfonphthalein.—These salts were pre¬ 
pared by the action of dry ammonia gas upon weighed quantities of the 
sulfonphthalein. The ammonia was generated by placing a mixture of lime 
and ammonium chloride in a desiccator, which also contained over this 
mixture a dish holding a large amount of sodium wire. The sulfonphthalein 
changed from a red to an almost black color very soon after it was placed 
in the atmosphere of ammonia, and this dark material dissolved in water 
with the intense purple color characteristic of the dibasic salt. When the 
dark material was allowed to stand in the air or over sulfuric add, it 
gave off ammonia and slowly changed color back to the red of the original 
phthalein. This red material was evidently the mono-ammonium salt, 
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for it was readily soluble in water, giving an orange solution, and on anal¬ 
ysis gave the proper per cent, of nitrogen. 

These changes are readily explained. When the phthalein is in the 
presence of excess of ammonia, a dibasic salt is formed, which is intensely 
co l o r ed and gives intensely colored solutions. It contains an ammonium 
sulfonate group and also a ammonium phenolate group. We should expect 
the former to be very stable, and the latter to be stable only in the pres¬ 
ence of ammonia. Indeed, we might predict that the extent to which 
the ammonium phenolate would break up into the free ammonia and the 
phenol residue would depend upon the temperature and the pressure of 
the ammonia in the atmosphere in which the salt was placed. If it was 
placed over sulfuric add, the ammonia given off would be continuously 
absorbed by the add, and all of the ammonium phenolate would finally 
be decomposed. A monobasic ammonium sulfonate should be left, and 
according to the quinone-phenolate theory it should and does dissolve 
in water with approximately the same color as the free phthalein. 

The quantitative results obtained show clearly that the dark material 
is the dibasic salt, and that the red material formed again when the di¬ 
basic salt is placed over sulfuric add is the monobasic salt. Weighed 
samples of the phthaldn were placed over the ammonia mixture and al¬ 
lowed to stay there until the maximum gain in weight was reached. 
Standing overnight was suffident. It was found that the samples lost 
in weight slightly after this period; this loss is not surprising in view of 
what was said above in regard to the equilibrium conditions existing 
between the ammonium phenolate and its decomposition products. After 
the maximum weight had been thus attained, the sample was transferred 
to a sulfuric add desiccator and allowed to stay there until minimum weight 
was attained. All weighings were made by quickly transferring the 
material to a tightly dosed wdghing glass, as the salts are very hygro¬ 
scopic. Minimum weight was reached after standing over sulfuric add 
for about two weeks. 

Subs., (phenolsuUonphthalein) 01962, 0.2814. Gain, NH», 00190, 0.0270. 

Calc, for Ci*HuOtS(NH,)t: Gain, 960. Found' 9,68, 9.59. 

After standing over sulfuric add these gains were reduced to (I) 0.0100 g. or 5x19%; 
(II) 0.0137 g. or 4.86%. Monobasic NH< salt requires 4.80%. 

In order to study the effect of substituent groups on phenolate forma¬ 
tion, and consequently on color, we have prepared bromination and nitra¬ 
tion products of phenolsulfonphthalein. The bromine and nitro groups 
are strongly negative, and their introduction into the phenol residue in 
ortho position with reference to the hydroxyl increases the addity of 
the phenol. We should therefore expect a more ready formation of intense 
color than in the case of phenolsulfonphthalein. 
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Tetrabromo-phenolsulfonphthalein.—Remsen and Sohon 1 obtained a 
dibromo substitution product by the action of bromine on phenolsttlftMi- 
phthalein, and were unable to obtain a tetrabromo derivative even when 
sufficient bromine was present. The experiments of Remsen and his 
students with other sulfonphthaleins also led to the preparation of com¬ 
pounds with only two substituted bromine atoms. We have, however, 
obtained a well defined tetrabromo substitution product. Evidently the 
experimental conditions used in the excellent work of Remsen and Sohon 
differed from ours in an unknown way. 

In one experiment 7 g. of sulfonphthalein, 5 cc. of bromine and 150CC. of 
acetic add were used. The solid material did not dissolve even on long 
standing, but changed over to an orange-colored, well crystallized ma¬ 
terial. When filtered off, this appeared pinkish It was subjected to 
further treatment with bromine under the same conditions as before, and 
the appearance did not change. The acetic add-—bromine solution from 
the yellow material was evaporated on the water bath. A dark red, 
tarry mass was formed. For this reason it is not advisable to use a large 
amount of acetic add in the preparation of the tetrabromo derivative; 
the material contained in solution crystallizes out only very slowly, and 
attempts to obtain it by concentration invariably result in decomposition. 

A much more satisfactory method is the following: Five g. of phenol- 
sulfonphthalein is suspended in 40 cc. of gladal acetic add. The add 
is heated almost to boiling and there is added little by little a solution of 
5 cc. of bromine in 20 cc. of gladal acetic add, while keeping the original 
mixture just below the boiling point. Evolution of hydrobromic add 
begins as soon as the first of the bromine is added. The phenolsulfon- 
phthalein gradually dissolves, and in its place a crystalline predpitate of 
the tetrabromo derivative settles out. Yield 7.5 g. These crystals are 
almost colorless, but when they are filtered they acquire a pink color as 
soon as the acetic add is drained from them. This color changes to 
orange, but is removed if the crystals are again moistened with the add, 
returning again when the material is drained. This phenomenon does 
not appear to be one of oxidation and removal of the oxidation product 
by acetic add, for it appears when the wet crystals are dried in a current 
of carbon dioxide. After a time the dry crystals assume a flesh color, 
which seems to be uniform and which has not changed after keeping for 
more than two years. 

The product thus prepared, and washed free of bromine with acetic 
add, is pure, giving the following analysis after drying in the air: 

Subs., o 1464; AgBr, 0.1628. 

Calc, for CitHisOiSBit: Br, 47.7. Found: 47.3. 

The material can be recrystallized from boiling glacial acetic add, but 
* Lac . cit . 
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a large amount of add is required and solution is slow. A more satis-' 
factory solvent consists of a mixture of acetic add and acetone, in the 
latter of which the substance is very soluble. The recrystallized substance 
showed the same bromine content as did the first crystals. 

Subs., 0.190s; AgBr, 0.2115. 

Calc, for CmHuOaSBr,- Br, 47 7. Found. 47.3. 

The behavior of this substance when heated in the capillary tube is char¬ 
acteristic. At about 210° a greenish sublimate appears, and the substance 
becomes a deeper orange in color This then melts sharply at 270-271 °, 
with decomposition and gas evolution. We intend to investigate this 
substance further. 

Di-ammonium Salt of Tetrabromo-phenolsulfonphthalein.—This salt 
was prepared in the same manner as was the mono-ammonium salt of 
phenolsulfonphthalein. It was found that tetrabromo-phenolsulfon- 
phthalein absorbed an amount of ammonia much in excess of that required 
for a dibasic salt; the product formed by the absorption was allowed to 
stand over sulfuric acid until minimum weight was reached. The gain 
indicated a stable dibasic salt. This is what we might expect, for the 
bramophenol is a stronger acid than the phenol of phenolsulfonphthalein, 
and can therefore hold the ammonia more firmly. 

Subs , 0.7472, o 2526. Gain, NH,, o 0141, o 0126 
Calc, for CuH,OiSBr,(NHi; : Gam, 5 1 Found 5,7, 4 9. 

Preparation of Tetranitro-phenolsuifonphthalein.—Five g. of phenol¬ 
sulfonphthalein is dissolved in 30 cc of cold cone, sulfuric acid. Solution 
is slow, and must be aided by shaking. A dark red solution results. 
Cone, nitric acid is added a little at a time until the precipitate first 
formed no longer dissolves on agitating the mixture. The solution is then 
poured into a moderate amount of water (about 100 cc.). A voluminous, 
bright yellow precipitate separates out. Where the solid is in contact 
with water a red color appears, but as the red portion is stirred up and 
comes in contact with acid it becomes yellow. The pasty precipitate is 
filtered on the pump; if allowed to stand long before filtration it goes over 
to a colloidal form, and this material cannot be filtered. The precipitate 
is washed with water. Complete drying by suction is impossible, as the 
water is held tenaciously. The material is purified by crystallization from 
boiling acetic add, or better from a mixture of acetic acid and acetone. 
The crystals are minute, glistening flakes, which when dry have a canary 
yellow color. 

The substance showed no sharp melting point, slowly passing to a 
shellac-like material above 200°. It was analyzed for nitrogen by the 
Kjeldahl method, thiosulfate being used as a reducing agent. 

Sabs., 0.2653, 0.2494. Cc. 0.0714 N HtSO,, 26.7, 27.5. 

Calc, for CuHiuOiSfNOj),' N, 10.5. Found: 10.0,11.0. 
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I I onium Salt of Tetranitro-phenolsuifonphthaleiaThis salt 
ed in the same manner as the other ammonium salts already 
Here again the substituted phenol is a sufficiently strong add 
monia firmly, and a dibasic salt is therefore formed, 
ubs., 0.3407, 0.1869. Gain, NHj. 0.0158, 0x1137. 
ale. for CitH«OiS(NOi)«(NH 0 i: Gain, 6.3. Found: 6.5, 6.7. 
ior Changes of Tetrabromo-phenolsulfonphthalein and of 
-phenolsulfonphthalein, and their Interpretation.—(a) Tetra- 
aolsulfonphthalein is soluble in water to the extent of at least 
liter. A solution of this concentration has a dark, dirty red 
s changes to an intense blue when alkali is added to the solution, 

■ solution is diluted. If alkali is added to a very dilute solution 
)mo-phenolsulfonphthalein, already deep blue, no noticeable 

tion of any strong add to a blue solution of tetrabromo-phenol- 
ildn causes a gradual change of the color through various 
les, and the solution finally becomes deep yellow, 
r phenomena can all be explained on the assumption that it 
e-phenolate ion (or the complex that the phenolate ion forms 
tone group) that is the cause of intense color. The substitu- 
ne atoms in ortho position to the phenol hydroxyl of phenol- 
in increases the aridity of the phenol; hence there is an 
armation of phenolate ions in a water solution of the tetra- 
>und, whereas the phenol of the unbrominated compound is 
rid that it gives no appreciable quantity of phenolate ions, 
ion is not intensely colored, but becomes so only on the addi- 
The extent of the ionization of the bromophenol would 
ay dilution of the solution or by the addition of alkali, hence 
either of these processes intensifies the color of the solution. 

JlpSPie addition of arid to a blue solution of tetrabromosulfon- 
igSttialdn gradually changes the color to ydlow because the ionization of 
Ba;phenol is suppressed more and more as the hydrogen ion concentration 
increases. 

? (b) Tetranitro-phenolsulfonphthalein, a yellow powder, dissolves in 
Water (or alcohol) with the production of a beautiful purple-red solution. 
The color resembles that of a solution of phenolsulfonphthaldn to which 
two molecular equivalents of alkali have been added. Evaporation of the 
solution of the tetranitro compound gives back the yellow powder. If 
two equivalents of alkali are added to the solution, absolutely no visible 
change in color takes place in deep layers. The solution shows precisely 
the same absorption band before and after the addition of alkali in a jo cm. 
tube. As these deep layers of the add give enough quinone-phenolate 
ions to absorb the green light, thin layers will be used in the spectro- 
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photometric work. A solution oI the tetrabromo compound of j 
normality does show a change in color when alkali is addejjL T 
because a solution of the bromo compound contains a considerat 
of undissociated phenol and much less of pkenolate ions, and 
violet and green is not all absorbed; the addition of the alkal 
further conversion of the phenol molecules into these ions, and hei 
absorption. The dinitrophenol group of the tetranitro-ph* 
phthalein is a much stronger add than the corresponding dibro 
and is therefore more fully dissodated in solution. It therefoi 
the addition of much more acid to the tetranitro than to the t< 
derivative to suppress the ionization of the phenols and change 
color back to yellow. Consequently, the addition of alkali to a : 
the nitro compound does not so greatly increase the concentrai 
phenolate ions, and there is therefore no appreciable increase in thi 
of 4 the color in the deep layers which already absorb practically all 
If a considerable amount of alkali is added to the solution of 
compound the color changes from purple-red to yellow. A( 
add brings back the intense purple-red color. It seems likely' 
fading may be connected with two processes: (i) a rearrangemel 



Intense red. 


and (2) with a hydration effect whereby the paraquinone is destra 
with the formation of a tribasic salt: 1 




OH / 


.n/ 
x' X)K 
>=o 


NO, NO, 

Yellow. 

1 Cf. Green and Perkin, /. Ckem. See., 8 $, 398 ( 1904 ); Sober and Marshall, Ttnt.f ■ 
Journal, 33, *779 (*»»•)■ 
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Yellow(?). Colorless 


The second nitropbenolate thus formed might rearrange into a second 
orthoqtiinone, and the yellow color of the solution could then be accounted 
for by the presence of two orthoquinones, which are not intensely colored. 
It is obvious that the bleaching by alkalies may be a very complicated 
process, and that the addition of add to the solution simply reverses these 
reactions. 

When a drop or two of strong hydrochloric acid is added to a solution 
of the free tetranitro compound no appreciable color change takes place. 
As more add is added the color fades to ydlow. Addition of water to the 
yellow solution brings back the purple-red color. The hydrochloric add 
suppresses the ionization of the nitrophenol, hence the color fades The 
ions and the color return when the solution is diluted. 

Action of Diazomethane on Phenolsulfonphthalein.—The phenolsulfcm- 
phthalein was suspended in ether and treated with diazomethane until 
the powder had become yellow and no longer gave any trace of color with 
alkali Only a small part of the yellow material was found to be in 
solution. This slowly separated out in the form of minute crystals, which 
melted sharply at 158°. Further evaporation of the solution did not 
give more of the crystalline material; a dark red, tarry substance was left 
when the mother liquid was evaporated to dryness. The crystals did not 
change their melting point when they were recrystallized from carbon 
tetrachloride, so they were assumed to be pure. The bulk of the ydlow 
powder, which had not dissolved in the ether, showed a melting point of 
of 150-154°. Recrystallization gave a product which melted sharply at 
158°. The mother liquor from this substance usually deposited nothing 
until it had been evaporated to complete dryness, when the dark red 
material mentioned above was left. Attempts to crystallize this red 
material failed. 

The substance which melts at 158° is insoluble in cold water and in 
cold alkali solution, even though it be very concentrated. When boiled 
with water it slowly dissolved, giving a deep ydlow or mange solution, 
which gave no color on addition of alkali. On boiling some of the sub¬ 
stance with alkali it dissolved very slowly, and the solution developed 
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a pate red tinge. The substance dissolved readily in cone, hydrochloric 
add with a deep red color. Green and King 1 prepared an e3 ter-hydrochlo¬ 
ride of phenolphthalein which was deep red. whereas the ester itself was 
yellow. 

The odor of the substance indicates that it is a quinoid ester. Its 
insolubility in cold alkali solutions shows that it cannot be a mono-ester, 
for such an ester would have one free addic group and would be soluble 
in alkali. It is to be assumed for the present that it is a quinoid di-ester 
of the constitution _ 

y<^)0CH, 


C 



and further work now in progress will throw more light on its structure. 
Such an ester would be the normal product of the action of diazomethane 
on quinoidal phenolsulfonphthatein. It would be expected that the sul¬ 
fonic ester would be very readily saponified by alkali and hydrolyzed by 
water, and that the resulting mono-ester 


X> ch - 

c 





would be soluble in alkali with approximately the same color as a solution 
of free phenolsulfoaphthalein. The fact is, however, that the di-ester 
must be boiled with water or alkali to effect solution. 

The attempt to determine the amount of sulfur in this compound by 
Carius' method failed. A colorless, crystalline substance was formed in the 
tube, and it was not decomposed even after heating for 4 days at 250- 
300 °. The limited amount of the material at our disposal made other 
analyses impossible. 

Action of Diazomethane on Tetrabromo-phenolsulfonphthalein.—Tbe 
bromine derivative was treated with diazomethane until it no longer gave 
any trace of blue color with alkali. A bright yellow powder was formed. 
By recrystallization from benzene a product was obtained which seemed to 
become semi-fluid between 155 and 160°. This then solidified, a con¬ 
traction being noted, and the new material, which had a slightly deeper 
color, melted at 232-234°. Further crystallization from benzene elim¬ 
inated the change at 155-160°, and the material then melted sharply at 
1 Lac. tit. 
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234-235 This point was not changed by further crystallization. The 
pore product was similar to the crude product in solubility and behavior 
towards alkali. It was insoluble in water and alkali, and even vigorous 
boiling did not affect the material in any way. It was soluble in alco¬ 
hol and in acetic add, very slightly soluble in ether. It is possibly a 
quinoid ester of the structure 

Br 

x>* 


c 



SO1CH1 Br 


and we are now investigating the constitution further. It seems strange, 
however, that a sulfonic ester should be stable in the presence of boiling 
solutions of alkali. 

Conclusions. 

1. Methods have been described for the preparation of phenolsul- 
fonphthalein, tetrabromo-phenolsulfonphthalein, and tetranitro-phenol- 
sulfonphthalein, and their properties and color changes have been de¬ 
scribed. 

2. Although monobasic carboxylate yellow salts of phenolphthalein have 
not been isolated, the corresponding monobasic yellow salts of the phenol- 
sulfonphthalein series have been made and described by us and later by 
hubs and one of us. These salts have been studied spectrophotometrically 
and shown to resemble the free acids very dosdy. They cannot be the 
causes of the intense color changes. 

3. The dibasic intensely colored salts of the phenolsulfonphthaldn series 
have been made by us and by Lubs and one of us and studied extensively 
spectrophotometrically. They are shown to be the cause of the intense 
color changes. 

4. These dibasic salts have been shown by conductivity, titration and 
spectrophotometric methods to be practically soldy quinone-phenolate 
salts possessing the characteristic chromophoric group—C(.C*H<: 0 )- 
(C*H« 0 ~K + ), which is also the seat of the color changes in aurine, phenol¬ 
phthalein and similar substances. The sulfonphthaleins studied give prac¬ 
tically no coldrless lactoidal salts. 

5. The color of the dibasic salts, and of the tetrabromo- mid tetranitro- 
phenoisulfonphthalein, all of which give quinone-phenolate ions, show that 
the nonionized quinone-phenol, —C(: C«H«: 0 )(C«H 40 H), is orange or 
yellow, whereas the quinone-phenolate ion, —C(: C«H«: 0 )(C«H« 0 “) is 
intensely colored and is the chief cause of the intense odor changes. The 
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non-ionized quinone-phenolate salt, —C(: C«H«: 0)(C*H40K), may also 
be intensely colored, but its concentration is small in dilute solutions. 

6. The intense and very sharp color changes in the sulfonphthalein 
series are fax more satisfactory than in the phenolphthalein series because 
the monobasic salts of the sulfonphthaleins are changed practically quan¬ 
titatively into the deeply colored quinone-phenolate ion, whereas phenol¬ 
phthalein gives only about 50% of such deeply colored dibasic ion, the 
other 50% going over into the colorless lactoidal dibasic ion. The tetra- 
chloro-, tetrabromo-, and tetraiodo-phenolphthalein give only about 1% 
of the colored, dibasic quinone-phenolate ion, the remainder forming color¬ 
less dibasic salts. These facts make the phenolsulfonphthalein series of 
indicators the best yet discovered. The derivatives described by us, and 
by Tubs and Clark and one of us, have a wide range of useful Ph values, 
show very little of the fading characteristic of the phenolphthaleins and 
their colors are not greatly disturbed by the “salt effects" which we are 
studying by the spectrophotometric methods. 

Madison, Wisconsin. 
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SOFT CORN—ITS CHEMICAL COMPOSITION AND NITROGEN 

DISTRIBUTION. 

Bv George Sfitzkr, R. H. Carr and W. F Kppee. 

Received November 18. 1918 

Introduction. 

The large amount of com (maize) produced in this country makes 
one of our greatest and most valuable sources of food, and hence the suc¬ 
cess or failure of the crop in any year is a matter of great economic im¬ 
portance. The failure of considerable of the corn to mature properly dur¬ 
ing 1918 led to much speculation as to the feeding value of soft corn, or to 
state it another way, the question "What is soft com?" was often asked. 
One publication 1 has answered the question in part by stating that very 
soft cam contains 65% of water (rare) and ranges down to 25%, which is 
low enough to allow the com to be stored in cribs, whereas old com usually 
contains about 12% of moisture. It might be inferred from this that soft 
com differs from mature (com) only in the amount of moisture it con¬ 
tains, but the present writers have found characteristic differences in the 
carbohydrates, proteins and mineral constituents. The idea is prevalent 
in some localities that soft com is worthless for feeding purposes, whereas 
others have succeeded in feeding the wet and therefore often moldy com 
to cattle and hogs with profitable returns, no cases of poisoning from the 
mold having been reported to our knowledge. Thus, evidently, soft 
com has a feeding value that, although not to be considered equal to that 
1 Iowa Expt. Sta., Circ. 40 (1917). 
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of the mature corn, is far too great to be ignored. One phase of the com 
problem has centered about the drying out of this excess moisture which 
causes the com to spoil before it can be used. The other side of the soft 
com question has to do with its nature after the excess water has been re¬ 
moved. It is on this part of the problem that the authors have tried to 
throw light. 

In order to get a better understanding of the composition of mature 
corn, and especially its nutritive deficiencies which have been extensively 
Studied, it may be well to recall briefly the main points of this deficiency 
noted in the literature. 1 These are,—a low per cent, of ash which 
contains a high proportion of magnesia and a low calcium content; 
a comparatively large amount of potassium and phosphorus; less protein 
than contained in most other grains, and this is largely made up of certain 
distinct and characteristic proteins, such as zein, globulin and glutelin. 
The first named is said to be the most abundant protein, but there are 
lacking 3 amino adds in its formula, two of which (lysine and trypto¬ 
phane) seem essential to the growth and development of a young animal. 
The other two, globulin and glutelin, are said to be complete proteins and 
to yield on hydrolysis all the essential amino adds, Hence they are capa¬ 
ble of produdng growth, but it is noteworthy that they are not present in 
suffident amount in the aim grain to support growth.* 

Procedure. 

In response to numerous inquiries as to what is soft com, the authors 
have attempted to get some insight into the composition and the nature 
of its proteins. In order to carry out the investigation, com was chosen 
whose previous history was known. In the samples of Series I the com 
was chosen because of its extreme softness and failure to germinate, and 
because the original moisture was known. Another series, II, was ob¬ 
tained from the Botany Department of Purdue University and repre¬ 
sents more matured com capable of germinating, on which certain studies 
in plant pathology are being conducted. A third series, III, represents 
an intermediate grade on which only amide nitrogen and aridity deter¬ 
minations were made. All 3 series were based on shelled corn taken from 
individual ears. It was the purpose of the writers to compare also the 
nitrogen distribution of these series of com with that of mature corn,* 
and if possible to secure data on which qualitative dassification can be 
made as to maturity. 

Experimental. 

The grain was ground so that the starch, etc., would pass an 80-mesh 
sieve while the bran layers passed a 40-mesh sdve. The method of mak- 

1 J. Biel, Chem , 18, No. 1 (1914). 

* Ohio Expt. Sta., Bull. 155, Jan., 1913. 

* Tms Journal, 37,1778 and *763 (1915). 
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ing the analysis was as follows: 3 g. of the air-dry ground com was placed 
in an alundun shell No. R. A. 98. It was dried for 5 hours at ioo° and 
then weighed for moisture. The shell was next placed in a Soxhlet tube 
and the fat extracted and weighed. The shell and contents when free 
from ether were extracted with hot 95% alcohol. This extraction con¬ 
tinued for 5 hours. The residue from the alcohol extraction was dried 
and weighed and the nitrogen determined by the Kjeldahl method (zein). 
After the alcohol extraction the sample was treated with cold water for 
24 hours, a stirring machine being used part of the time to extract more 
thoroughly all of the soluble starch and dextrin. The sample was next 
boiled to get the starch in solution and a solution of diastase of malt added 
to convert the starch to sugar—a correction being made for the starch in 
the malt. The starch was determined as follows: An aliquot of the in¬ 
vert sugar solution was boiled with an excess of Fehling’s solution and 
after cooling, filtered through an asbestos filter; washed with distilled 
water and the filtrate titrated with standard sodium thiosulfate solution 
according to modification of Low’s method. The weight of dextrose 
multiplied by 0.90 gives the weight of starch, from which the per cent, 
was calculated. 

After removing all of the starch which was water soluble and converted 
by diastase, the samples still in the filter shells were next refluxed for 30 
minutes with 1.25% sulfuric add, washed and then boiled for the same 
length of time with 1.25% sodium hydroxide solution. Washing and fil¬ 
tering by this means was simpler than by the official method. This 
method also prevents a possible loss in filtering. The fiber was then dried 
and weighed, burned and the shell 1 weighed again. The ash determina- 
ion was made on the original sample. 

A new sample was taken on which the degree of aridity was determined.* 

Another 5 g. sample of each corn was hydrolyzed for 16 hours with 20% hydro¬ 
chloric odd and treated according to the Van Slyke method for the determination of 
add-insoluble melanin, lime melanin, ammonia nitrogen, monoamino adds, and 
dhunino adds. 

The results of the analysis of Series I are given in Table I. 

The data for the more mature com (Series II) are given in Table II. 

Aiiude Determination. 

Mature com has usually been considered nearly free from amides, but 
this could hardly be expected to be true of soft corn. The method used 
in making the determinations was a modification of the Stutzer process 
as developed by Blish.* 

One part of finely ground com and 20 parts of water were shaken frequently for 12 
hours. Fifty cc. of the filtered solution was then taken and 25 cc of 0.1 N sodium 

1 The shells mentioned are very porous and filtration takes place rapidly. 

* Dept Agr., Bur. Fiant led., Bull. 101, Jan., 1913. 

■ J. Bid. Chen., 33,33 (1918). 
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Composition and Nitrogen Distribution of Corn of Series II. 
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hydroxide solution was added followed by 27 cc of o 1 N cupric sulfate solution. The 
precipitate was later filtered off and the nitrogen determined in the filtrate by the 
Kjeldahl method. 

In some of the samples the precipitate was also analyzed, but the 
amount of nitrogen contained was so constant that it was not considered 
worth while to continue tljat work. 

Protein Separation. 

There seems to be some uncertainty in the literature concerning the 
amount of the individual proteins making up whole corn. No data on 
a considerable number of ears of com have come to the writer’s atten¬ 
tion. In view of this it was thought best to make a study of the amount 
of com protein soluble in some of the various solvents. A 10% solution 
of sodium chloride was used to extract the globulins, albumens and pro¬ 
teoses. They were allowed to stand 72 hours and frequently shaken. 

Table III 

Protein Distribution, Series I. 

Yellow Dent Variety 


Sample 

No 

Total N. 
% 

Zem as 
% of total 
protein 

Globulins, 
etc . M % Of 
total protein. 

Amide 

Prat. sal. 

in 10% 
NaCl % 
of total 
protein. 

Giatelin 

% 

of total 
protein. 

2 .. 

1 74 

20 00 

22 64 

1770 

40 34 

39 66 

3 . 

1 59 

14 68 



33 85 

51 47 

4 

• 55 

15 OO 

26 47 

17 29 

43.76 

41 24 

5 

1 94 

26 68 

•7 54 

9 00 

26 54 

52 78 

6 . 

• *3 

•7 37 

24 29 

20 08 

44 37 

38 36 

7 

I 63 

26 32 

16 56 

1717 

33 73 

39 95 

8 

• 73 

20 91 



38 56 

41 53 

9 

• 33 

26 88 

23 64 

16 82 

40 46 

33 66 

I I 

I 63 

26 00 

21 99 

7 96 

29 95 

44 05 

12. . . . 

l 41 

16 15 

3 * 47 

16 48 

48 95 

35 90 

13 

I 37 

18 39 

27 35 

15 50 

42 85 

38 76 

'4 ■ 

1 32 

27 27 

aj 63 

17 80 

43 43 

29 30 

13 - • 

1 54 

21 51 



34 94 

43 55 

16 

1 52 

17 17 



36 94 

44 89 

17 ■ 

I 42 

•9 36 

28 62 

13 40 

42 02 

38 62 

18 . 

1 39 

22 80 




. * 

19 

I 22 

20 OO 



49 89 

30 II 

20 

1 23 

16 76 

26 54 

15 55 

42 09 

4115 

21 

1 96 

20 71 



39 39 

39 90 

(0) . 

1 69 

24 05 

II 68 

19 47 

31 15 

44 80 

(ft) 

1 Ji 

22 80 

20 98 

1136 

32 54 

44 66 

(0 . 

I 94 

23 33 

17 56 

9 25 

26 81 

49 86 

» . 

2 07 

30 24 



37 13 

43 63 

(«) ■ 

• 44 

24 00 



27 63 

48 38 

149 ... . 

1 48 

21 11 

28 12 

2128 

49 40 

39 49 

<48 

• 47 

28 57 

29 80 

16 72 

46 52 

24 9 « 

•41 . 

2.02 

29 81 

>3 93 

8 35 

22 28 

47 9 * 

Av. 

1 S« 

22 14 

23 04 

15.08 

3752 

4063 
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Table IV. 





Protein Distribution, Series II. 






Prot. sol. 



Zein 

Globulin], 

in 10 % 

Glutelln 


««% , 

etc., m % Amide 
of total an % of 

NaCl. % 

•• % 


Sample Total of total 

of total 

of total 

Varietyof^cora. 

No. N. %. protein. 

protein, total N. 

protein. 

protein. 


803 1 . 35 2348 



34-58 

90- Day com. 

797 1,62 34 87 

25 77 4 83 

30.60 

34-53 

505 1 89 25 66 


27.2O 

47 14 


151 1 88 22 08 


30.82 

47.10 


834 1.92 3S63 

16.74 406 

20.80 

40 53 

. 

705 1.82 35 66 


28.17 

36.17 


683 1.76 2307 

22.50 5.70 

28.20 

48 73 


835 1.91 36 15 

24.80 3.84 

28.64 

35 -** 


819 1.64 38.66 

2152 5 43 

26.95 

34 39 


810 1,58 29.49 

21.32 6.40 

27.92 

42 59 

Yellow dent. 

812 1.64 27.86 


25-95 

46.97 


155 I 74 32 r8 
696 1.65 22.91 


30.05 

47.04 


704 I 95 27.28 

18.30 6.95 

25 23 

47 47 


245 1 87 23.42 


26 55 

50.03 

Johnson CoTwhite_ 

344 1.40 27.OO 
251 1.67 3664 

21-33 5-35 

22 03 4.67 

26.88 

26.70 

46.12 

36.66 

' 

226 1.36 24 36 


29 20 

46 44 

Av. 


21.61 5 27 

27 49 

4 » 45 


Table V. 




Amide Nitrogen and Acidity Content, Series III 



Sample 

Total N. 

Amide N a* 

Degree of 


No. 

%. 

% of total N*. 

acidity. 


41 . 

. 1-52 

8.80 

30.4 


42 . 

. >-46 

958 

232 


43 . 

. 1-79 

II.70 

37 -a 




8.12 

588 

23.8 


45 . 

. « 33 


46 . 

. I. 6l 

7,64 

22.8 


47 . 


8.71 

37.1 


4 * . 


IO.4O 

22-4 


49 . 

. 1-76 

8.54 

4 * .8 


SO . 

. 1 -34 

8.58 

196 


51 . 

. J -59 

9 17 

35 6 


32 . 

. 2.05 

517 

35 6 


S 3 . 

. i- 5 i 

6.66 

34 8 


54 . 

. t -54 

9.09 

32.8 


55 . 

. t 25 

9 02 * 

304 


56 . 


8,27 

132 


57 . 

. 1.68 

15.60 

36.0 


38 . 

. 1-73 

6.12 

37.2 


59 . 

. 1-58 

8,17 

30.4 


60. .. 


6.30 

31.6 


Average.. 


8.57 
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Tabus VI 
Summary of Tables. 



Normal com 

Series I 

Senes 11 

Series III. 

Protein % N X 6 25 

IO 1 

9 92 

IO 60 

9 Si 

Per cent of total melanins 

9 78 

9 68 

8 OO 


Ammonia N, % of total N 

12 53 

13 4 » 

14 23 


Monoamino acids, % of total 

63 43 

63 16 

69 41 


Diamino adds, % of total 

IJ 86 

11 26 

ro 58 


Zcm, % of total 

41 00 

22 14 

29 41 


Globulins, etc , % of total 

32 OO 

23 04 

21 61 


Amide nitrogen, % of total 


15 08 

5 27 

8 57 

Glutelins, % of total 

31 OO 

40 63 

42 54 

e 

Moisture, % 

to so 

8 06 

6 21 


Fat 

S OO 

2 67 

4 28 


Water-soluble starch and dextrine 

3 38 

2 40 

2 17 


Normal starch by diastase 

42 50 

45 77 

47 65 


Total starch by acid hydrolysis 

7 t 95 


75 18 

. 

Pentosans, etc , by diff 

24 87 

24 80 



Crude fiber, % 

2 OO 

4 38 

2 36 


Ash, % 

1 50 

1 95 

I 56 



The amides were also extracted by this solvent but were deducted in 
calculating the globulin, etc. Determinations were made of the per 
cent, of the total protein soluble in 0.05 N sodium hydroxide solution after 
standing at room temperature for 72 hours with frequent shaking, and also 
after heating for one hour in an autoclave at 115 pounds, pressure, to rapture 
the cells It was found that about 8% failed to go into solution previous 
to heating. The salt solution was heated under pressure in the same way 
but no increase in soluble nitrogen could be detected. The portion of 
the protein soluble in alcohol (rein) was determined as previously de¬ 
scribed. This protein was found present in smaller amount than has 
been reported by others, and much less was found to be present in the 
soft corn than in the more matured of Series II. The results of this work 
are recorded in Table III for Senes I and Table IV for Senes II. 

Discussion. 

It will be noted from the tables that there is a wide range of corn classed 
as soft corn and that the composition varies considerably among both 
mature and immature ears. Much of the soft corn of 1917 had been planted 
130 days or more and so had had time to mature, but did not advance 
because of the lack of warm weather during the summer. The composi¬ 
tion of the com is therefore somewhat different from that taken far anal¬ 
ysis in the milk, glaze, dented and maturity stages as previously reported 
from this station. 1 

Referring to the summary, Table VI, Series I which represents the 
most immature corn, shows that the nitrogen content is not greatly af- 
* Purdue B*pt. Sta, Sill. 173 (191*)- 
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fected by degree of maturity, as it differs less than 0.2% from that of 
normal com. A considerable part of the nitrogen in soft com is present 
as amide, however, and evidently has been formed almost entirely at the 
expense of the zein. There are few data available on the amount of zein 
in widely selected samples, while that reported is on com very high in 
nitrogen (2 33%) and hence may not represent the normal distribution 
of proteins. Zein is of much interest from a feeding standpoint, because 
it is an incomplete protein and its presence makes a corn less desirable 
from a nutritional standpoint. From the analysis of all the samples it 
would seem that glutelin is the most abundant protein in com, with zein 
next and globulin last. The amide or non-protein nitrogen content, and 
the acidity in soft, moldy com are quite high, as might be expected and 
from data presented on the 3 series it would appear the amide nitrogen 
can be taken as a basis on which maturity may be determined averaging 
5.27 to 8.57 to 15.08 for Series II, I, III, respectively. These figures 
actually approximate the correct grading of the three lots as to maturity. 

Considering now the other deficiencies in soft com as shown in Table 
VI the low fat content of Series I is the most noticeable feature for it is 
only about half that of normal com. It was believed that the amount 
of true starch as determined by the diastase method would show a con¬ 
siderable deficiency in Series I but this did not prove to be the case. As 
Series L Series II. 



expected the amount of crude fiber was found to be large and the ash 
content high. Some combustion determinations were also made and 
it was found that the difference between the best and the poorest samples 
was less than 200 calories. Hence, no further work was done in deter¬ 
mining the calorific value of the different grades of com. 

Summary. 


1. The percentages of normal starch and nitrogen-free extract appear 
to be higher in soft than in mature corn. 

2. The formation of protein and carbohydrates apparently go on un- 
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interruptedly during the growth of corn, while the fat seems to be formed 
last. 

3. The calorific determination is of little service in determining the 
value of corn for feeding purposes. 

4. The acid-hydrolyzed proteins do not reveal any unusual features. 
The diamines are lower than results reported by others, whereas the 
monoamines of nearly matured corn are higher, but this is not significant 
in the present research. 

5. The total nitrogen of soft corn is only slightly lower than that of 
mature corn, but the amide nitrogen is much higher. 

6. The amide nitrogen, together with the degree of acidity, may serve 
as a basis for grading corn. Moldy corn contains a large amount of 
nitrogen in the amide form. 

7. Glutelin is the most abundant protein in com, zein is next, and globu¬ 
lins, albumens, etc., are present in smallest amount. 

8. Since zein appears to be present in smaller amount in soft than in 
mature com, and since glutelin, globulins, albumens, etc., are present to 
about the same per cent, in both mature and soft com, it would seem that 
zein is formed last, and amide is formed at the expense of zein. 

Lavavbtt*, Indiana 


[Contribution prom the Chemical Laboratory op the Cotton College, 

Gauhati. ) 

DIKETOHYDRINDENE. III.' 

By Ananda Kisorb Das and Brojendra Nath Ghosh. 

Received April 23. !9t». 

It has been shown by one of us with S as try 1 that the methylene hydro¬ 
gen atoms in 1,3-diketohydrindene are very reactive, since they condense 
readily with aromatic aldehydes giving benzylidene derivatives. This 
led us to think that diketohydrindene could readily condense with anhy¬ 
drides, such as phthalic anhydride, to give compounds of the type 



Preliminary experiments were therefore conducted, and it was found that 
the compound obtained was different from the ones noted in the litera¬ 
ture. Thus it was noted that Carmelo Marchese 1 had condensed phthalic 
anhydride and diketohydrindene in the presence of acetic anhydride, and 

1 Pot Parts I and II see 7 >a*r. Chtm. Soc., 107,1442 (1915) and 109,175 (1916). 

* 7 >a*». Ckem. Soc., 107, 1443 (1915). 

•Goa. chim. tUU., 37, 303-309 (1907). 
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that the product gave an intensely red solution with alkaline hydroxides. 
He gives as its formula 


/CCK , C.H,\ yCOv 

C <e> = <o W 


The compound we obtained by condensing diketohydrindene and phthalic 
anhydride in the presence of cone, sulfuric acid, though it melts at nearly 
the same temperature as the compound of Marchese, is different in other 
respects; for example, it is not at all soluble in alkaline hydroxide; from 
nitrobenzene so ution it separates immediately in golden yellow plates, 
whereas his substance is very soluble in nitrobenzene and comes out, in 
well-defined needles, only on the addition of alcohol; on boiling with 
anilin e our substance separates unchanged and contains no nitrogen; 
his substance did not separate from aniline, but on pouring the solution 
into dil. sulfuric acid a black crystalline compound precipitated, differ¬ 
ing from the original substance, but not containing any nitrogen. The 
exact chemical nature of his substance we do not know; it appears to be 
some degradation product of the original compound. It is, however, a 
pure substance, as it gives a definite melting point. But we do not know 
whether decomposition was effected by the aniline or by the sulfuric acid, 
and so we cannot state definitely the way in which the molecule has been 
changed. 

From the percentage composition we find at any rate that the substance 
obtained by condensing the phthalic anhydride and diketohydrindene is 
not the same as given in Formula I. Having failed to prepare the de¬ 
sired compound in this way, we next tried the action of sodium alcoholate 
on a mixture of diketohydrindene and diethyl-pbthalate on the assump¬ 
tion that the reaction would proceed in the following manner; 




But after conducting the reaction as described below, we obtained a 
substance which resembled in every way benzoyl-fty-diketohydrindene 
obtained by E. Schwerin 1 from ethyl-phthalate and acetophenone. It is 
probable that the desired compound was obtained, but was not stable 
under the conditions of the experiment, because of the number of car¬ 
bonyl groups attached to one carbon atom, and so hydrolyzed to o-car- 
boxy-benaoyldikelohydrindene, which again decomposed, giving off 
carbon dioxide with the production of benzoyl-diketobydrindene. In 
this reaction a little anhydro-i>w-diketohydrindene 2 is also formed which 
1 Ber., 37, 104-114 (1894). 

1 Wistfeenus and Kotzle, Ann., 151, 7$, 77 (1889), 
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can easily be separated from the benzoyl-diketohydrindene by the slight 
solubility of the former compound in alcohol. That it is the bis com¬ 
pound has been proved by its properties as well as by analysis. 

We also tried the condensation of phthalic anhydride, benzoic anhy¬ 
dride and succinic anhydride with diketohydrindene, these 3 being taken 
to represent 3 classes of anhydrides. Phthalic anhydride is a typical 
closed chain aromatic anhydride; benzoic anhydride has an open chain, 
and succinic anhydride is a closed chain aliphatic anhydride. The con¬ 
ditions of the experiment were kept practically uniform. The 3 sub¬ 
stances obtained resemble each other very much in their percentage 
compositions, but their properties, such as solubilities in various sol¬ 
vents, are different. They are, without exception, difficultly soluble in 
all ordinary solvents; they do not form anilides; they are very high melt¬ 
ing and complex substances. It is true that two molecules of diketo¬ 
hydrindene first condensed to form anhydro-to-diketohydrindene 1 and 
then the anhydro substance condenses with the respective anhydrides 
giving complex substances. It has been proved that the same substance 
is produced by condensing phthalic anhydride with either diketohydrin¬ 
dene or anhydro-ta-diketohydrindene. 

Experimental. 

a-Benzoyl-1,3-diketohydrindene.—0.7 g. of sodium was dissolved in 
20 cc. of absolute alcohol, the solution was thoroughly cooled, and to it 
was slowly added 2 g. of 1,3-diketohydrindene dissolved in a little alco¬ 
hol. The mixture turned red, 3.1 g. of diethyl-phthalate was then added 
to it and the whole boiled under a reflux condenser on a water bath for 
5 to 6 hours. The intensely red solution, after standing overnight, de¬ 
posited a small quantity of solid, which dissolved on the addition of water. 
A current of carbon dioxide was passed through the solution, which was 
then extracted with ether. The aqueous solution on acidification gave 
a crystalline solid which crystallized from alcohol in almost colorless 
needles. This was shown by analysis, melting point, and other proper¬ 
ties to be benzoyl-diketohydrindene obtained by Schwerin. 1 

Calc : C, 76.8; H, 4.0. Found: C. 76.9; H, 4. 

To confirm this we also prepared the semicarbazone by boiling an alco¬ 
holic solution with an excess of an aqueous alcoholic solution of semi- 
carbazide hydrochloride containing sodium acetate. A colorless sub¬ 
stance precipitated. 

Subs., 0.0985: Ni (29° and 760 mm.) r 10 cc. Calc, for CirHuOiNiHiO: N, 124. 
Found: 12.2. 

In this reaction a small quantity of a yellow crystalline substance, al¬ 
most insoluble in alcohol, was obtained. This was crystallized from ace- 
> Lee. 
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tone, and, as Indicated by its melting point, and by analysis, as well as 
by other properties, was evidently arUiydro-fcw-diketohydrindene, ob¬ 
tained by Wislicenus and Kotzle. 

Calc.: C, 78.8; H, 3.6. Found: C, 78.4; H, 4.0. 

Condensation of Diketohydrindene and Phthalic Anhydride.—2 g. 
of diketohydiindene and 2.2 g. of phthalic anhydride were mixed and 
30 cc. of cone, sulfuric acid added. The mixture was warmed to 50-60° 
on a water bath, forming a dark brown solution. The heating was con¬ 
tinued for an hour, and the mixture after being cooled was poured into 
cold water when a yellow mass separated. This was dried on parous 
earthenware, and then recrystallized from nitrobenzene. 

Subs., 0.1983* CO2, o 6077; H»0, 0.0669. 

Calc, for C«H] 2 Os- C, 83.3; H, 3 3. Found C, 83.5; H, 3 7. 

This substance crystallizes in fine, lustrous flakes, melting at 320° 
(uncorr.). It is soluble in hot nitrobenzene and aniline; sparingly solu¬ 
ble in xylene, and insoluble in alcohol, acetone, benzene, petroleum ether, 
and in sodium hydroxide solution. It does not form an anilide. It dis¬ 
solves in cone, sulfuric acid, giving a brown solution which is not fluo¬ 
rescent. The solution in aniline has a green coIot. The substance does 
not sublime on heating. 

Anhydrophthalyl-te-i ,3-diketohydrindene, II.—This substance was 
prepared by the method given by Marchese. 1 It was mixed with an 
excess of aniline and the mixture boiled under a reflux condenser for about 
an hour. The solution thus obtained was cooled and poured into dil. 
hydrochloric add. The black substance which separated was recrys¬ 
tallized from dil. alcohol, giving black prisms which, when heated in a 
capillary tube, contracted at about 85° and melted to a dear liquid at 
no®. The substance is not an anilide because it does not contain any 
nitrogen. 

Subs., 0.1017: CO2, 0.3029} HjO, 0.0139. 

Calc, for (C,H«0)*: C, 81.2; H, 5,08. Found: C, 81.2; H, 53. 

Condensation of Diketohydrindene and Benzoic Anhydride.—A mix¬ 
ture of 1.46 g. of diketohydrindene, 2.26 g. of benzoic anhydride, and 
25 cc. of cone, sulfuric add, was heated on a water bath at 50° for an 
hour and then poured into cold water. The substance which separated 
was collected, washed, dried, and recrystallized from nitrobenzene. 

Subs., 0.1504- COi, 0.4603; HjO, 0.0478. 

Cak. for C'uH„Or C, 83.3; H, 3 .3. Found- C, 83.4; H, 3.3. 

The substance crystallizes in golden yellow needles which sublime on 
heating and melt to a clear liquid only at a very high temperature (above 
320°). It is more soluble in nitrobenzene than the previous compound 
and separate only slowly from its solution. 

* Loc. cit. 
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Condensation of Diketohydrindene and Succinic Anhydride.—A similar 
product was obtained by condensing i. 5 g. of diketohydrindene and one g. 
of succinic anhydride in presence of 30 cc. of cone, sulfuric acid, and 
warming the mixture for one hour at 50 °. On pouring into water a 
greenish mass was obtained, which was re crystallized from nitrobenzene. 
The substance separates very slowly, requiring sometimes the addition 
of alcohol. It does not melt even at 316° but sublimes on heating, and 
is insoluble in alcohol, acetic acid, acetone and benzene. Its solution in 
aniline is greenish in color, and the substance obtained by pouring the 
solution into dil. hydrochloric acid did not contain any nitrogen. 

Subs., 0.124s COi, 03776, H,0, 00391. 

Calc for CnHioOi H,0 C, 83 1, H, 3 3 Found C, 82 7, H, 3 5 
Our thanks are due to Principal Stidmersen for the kind interest he has 
taken in the work. 

Asaam, ItiDlA 


[Contribution from thb Stanford Medical School.] 

A METHOD OF TISSUE ANALYSIS: APPLIED TO THE POS¬ 
TERIOR AND ANTERIOR LOBES OF CATTLE 
PITUITARIES. 

By C. G. MacArthur. 

Received A pel! 24, 1919 

The cattle pituitaries used in these experiments, were obtained from a 
local packer. They had been collected over a period of several days 
and kept frozen until ready for analysis. After freeing the pituitary 
from bone, connective tissue, fat, etc., it was separated into anterior and 
posterior lobes. Exactly 10 g. of skin-free, ground material from each 
lobe was weighed in conical flasks and treated as described under 
•‘Method ” 

Method of Analysis. 

The method of analysis used is based on the separation into proteins, 
lipins and extractives that has already been proven satisfactory.* The 
original method has been simplified, extended to new determinations, 
and been made available for much smaller amounts of material. The 
amounts' of tissue usually used (io g.) are probably the most satisfactory, 
but most of the determinations described can be carried out on a g., 
though with somewhat less accuracy. It will be noticed that the new 
methods for small quantities are applied in some cases. In others it 
will be seen that the usual quantitative methods are made available and 
accurate by decreasing the volume of solutions used to about ‘/io, avoid- 
1 W. Koch, "Methods for the Quantitative Chemical Analysis of Animal Tissue,” 
This Journal, 31, 1329 (1909); M. L Koch and C VoegtKn, "Chemical Changes io 
the Central Nervous System in Pellagra," Hygienic Lab. Buii., 103, 31 (1916). 
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ing transference of material whenever possible, often by use of centri¬ 
fuge tubes, and the titration of the material in these smaller volumes 
with o.oi N instead of o. i IV solutions. It is believed that in this way 
the usual accuracy is maintained, though only small amounts are actually 
estimated. Obviously greater care must be used in gradation when 
smaller apparatus is used. Only redistilled organic solvents were em¬ 
ployed. 

In the alcohol method used in this investigation, io g. of tissue was 
placed in a ioo cc. conical flask and redistilled alcohol added until the 
concentration of the alcohol in the solution was about 80%. The corked 
flask was then allowed to stand in a dark place for several weeks, al¬ 
though the time could be shortened when necessary by repeated heatings. 
Then on each of several successive days the mixture was brought just to the 
boiling point 3 or 4 times. Finally the hot alcohol wa3 decanted through 
a weighed, paper-lined, perforated crucible into a weighed 75 cc. beaker. 
More alcohol was added to the residue in the flask, the mixture heated 
and decanted as before. This was repeated 4 times. The residue was 
then allowed to stand overnight in ether, wanned several times and de¬ 
canted, after which it was transferred to a glass mortar, thoroughly 
ground, and again placed in a flask. The alcohol and ether extractives 
in the meantime were concentrated on a steam bath. 

The residue in the flask was then digested 3 times with about 20 cc. 
of hot water, and the water extracts decanted through the same weighed 
crucible into a separate beaker. After concentrating to about 5 cc., 
enough alcohol was added to make the alcohol concentration 80%. It was 
heated to boiling until the protein was coagulated, then poured through the 
crucible, again heated to boiling and poured through crucible into the first 
weighed beaker. The residue was then heated and transferred to the cru¬ 
cible. 95% alcohol was heated in separate beaker and used to wash out 
the flask, used repeatedly for thi 3 purpose, and finally collected in the 
weighed beaker. By proper manipulation with a glass rod, all of the 
residue was now in the weighed crucible. 

This crucible was suspended in a continuous extractor and extracted 
with 95% alcohol for 30 hours. The alcohol extract was then trans¬ 
ferred to the weighed beaker residue. The residue in the crudble was 
then extracted 10 hours with chloroform, the extract transferred to the 
weighed beaker and evaporated carefully to dryness, and dried to con¬ 
stant weight in a vacuum desiccator. This gives the weight of the lipins 
phis the extractives. The protein residue in the crucible was then heated 
to constant weight in a 105 0 oven and kept in vacuum desiccator. The 
total solids equal the sum of these two weights. 

About 40 cc. water was added to the beaker containing the extractives 
and lipins. After considerable stirring and scone time, a homogeneous emul- 
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sion was obtained. This was transferred to a 50 cc. centrifuge tube 
and ‘/ t cc. of hydrochloric acid added with stirring. As soon as the 
lipins were precipitated, the material was centrifuged and then decanted 
carefully into a 100 cc. measuring flask (lipin flask) containing about 5 cc. 
of chloroform. This flask was thoroughly shaken for several minutes, al¬ 
lowed to settle and the watery part added to a second centrifuge tube, 
centrifuged, and the clear, almost colorless solution of extractives filtered 
into a 100 cc. measuring flask. The residue in the first centrifuge tube 
was washed with about 30 cc. of water containing l /i cc. of hydrochloric 
add. The centrifuged solution was placed in the 100 cc. lipin flask and 
shaken with the chloroform, treated just as the original solution, and 
finally added to the 100 cc. extractive flask. The residue in the tube was 
washed once more with 30 cc. of water containing ’/* cc. of hydrochloric 
add and treated as before. 

The material in the extractive flask was made up to 100 cc. Aliquots 
of this solution were used later for the various determinations. 

The residue in the centrifuge tube was dissolved in a mixture of abso¬ 
lute alcohol and chloroform (approximately 10 to 1), and added to the 
lipin flask. All the apparatus used for the predpitation of the lipins 
was washed thoroughly with alcohol-chloroform mixture and the latter 
transferred to the lipin flask and diluted to the mark with absolute alco¬ 
hol. If the proper amounts of alcohol, chloroform and water (not much 
of the last two) are present, a dear solution is obtained. 

Extractives. 

By evaporating 30 cc. (or another aliquot part) of the extractives to 
dryness in weighed crudble or dish and bringing to constant weight in a 
vacuum desiccator over ealrium chloride, the weight of extractives was 
obtained. Subtracting the weight of extractives from that of lipins and 
extractives gave the total weight of the lipins. This same organic and 
inorganic residue was carefully ignited to constant weight. The ash is 
not a measure of the inorganic salts alone, and probably the original 
ions are considerably rearranged; yet it is a helpful determination. This 
ash was dissolved in warm dil. nitric add, made to 10 or 25 cc. and part 
used for the determination of one or more of the following: sodium, potas¬ 
sium, calcium, magnesium, phosphorus, iron (chlorine, sulfur). 

Calcium was determined by placing an aliquot part (*/*) in a centrifuge 
tube, making slightly alkaline to phenolsulfonphthalein with ammonia, 
boiling till neutral, then while hot adding slowly one cc. of a solution of 
. 1.25% oxalic add in 0.25 N hydrochloric add. The mixture was al¬ 
lowed to cool and 0.5 cc. of 20% sodium acetate solution added. After 
standing overnight this was centrifuged, washed twice by centrifug¬ 
ing with 5 cc. portions of cold water and 2 cc. of 5% sulfuric add added. 
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It was then heated and titrated with 0.01N potassium permanganate 
solution to a faint pink color. 1 

Magnesium was determined in the filtrate from the calcium determina¬ 
tion. This was incinerated with a small amount of sulfuric add, then 
transferred with water to a centrifuge tube and predpitated as magnesium 
ammonium phosphate. After washing with dilute ammonium hydroxide 
it was dissolved in a few drops of nitric acid. Thereafter the procedure 
was as in the phosphorus determination given below. 

Total nitrogen in the extractives was determined in a 2 cc. portion by 
combustion with 1 cc. sulfuric add (and small amount of cupric sulfate) 
in a good-sized, hard test-tube. It was diluted to 10 cc. in same tube, 
made alkaline, and the ammonia aerated into 5 cc. of 0.01 N hydrochloric 
add. 

For ammonia nitrogen 10 or 20 cc. of the extractives, after being made 
slightly alkaline with sodium hydroxide, was aerated into o 01 N hydro¬ 
chloric add. 

Urea Nitrogen.—The alkaline solution from the ammonia nitrogen 
determination was then carefully neutralized to litmus and urease added. 
The mixture was then incubated one horn - , made alkaline, and the ammonia 
aerated into 10 cc. of 0.01 N hydrochloric add. 

Amino Nitrogen.—Five cc. of extractives was evaporated to 2 cc. and 
the amino nitrogen determined in small amino apparatus. 1 

For Creatinin 5 cc. of the extractives was saturated with picric add 
and made alkaline with Vi cc. of 10% sodium hydroxide as usually stated, 
and made up to 10 cc. Whether the resulting color is due to creatinin 
only is doubtful. After 20 minutes it was compared in a colorimeter 
with a standard made in the same way. 

Creatin and Creatinin.—Five cc. of extractives was saturated with 
picric add, diluted to 50 cc., boiled for 2 hours down to 5 cc., made up to 
the required volume and alkalinity as for creatinin, and compared with 
Standard in colorimeter. 

Uric acid 1 was determined if any was present by taking a large aliquot 
part of extractives and evaporating to 5 cc. 2 cc. of silver magnesia mix¬ 
ture was added and the mixture centrifuged. The residue was dissolved in 2 
drops of 5% potassium cyanide solution, stirred, and 0.5 cc. of water, 0.5 cc. 
of phosphotungstic add reagent, and 2 cc. of 20% sodium carbonate solu¬ 
tion added. After making up to 10 cc. it was compared in a colorimeter 
with standard uric add solution treated in same way. 

1 J. O. Halverson and C). Bergeira, "Determination of Small Amounts of Calcium 
Particularly in Blood,” J. Biol, Chem., 32, 139 (1917). 

* D. D. Van Slylte, "The Micromethod for Ga some trie Determination of Aliphatic * 
Amino Nitrogen,” Ibid., 23, 407 (1915). 

* O. Folin and W. Denis, "On the Colorimetric Determination of Uric Add in 
Urine, " Ibid,, 14, 95 (1913). 
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Total extractive sulfur was determined by evaporating 5 (or to) cc. 
in a nickel crucible with not more than o. 5 cc. of a 20% solution of potas¬ 
sium hydroxide and sodium nitrate (4-1). (It is also safe to use the mag¬ 
nesia fusion method, See lipin sulfur.) The amount of alkali salts must 
be kept low, for they interfere with precipitation of benzidine sulfate. 
When dry, it was heated on electric plate or over an alcohol lamp and 
finally with sulfur-free or asbestos protected burner if necessary, dis¬ 
solved in water, transferred to a 25 cc. beaker, made acid with hydro¬ 
chloric acid, evaporated to dryness, taken up with hydrochloric arid, 
again evaporated to dryness. The treatment with hydrochloric arid was 
repeated, and the solution taken up in 2 cc. of water and transferred to a 
centrifuge tube. Ten cc. of benzidine solution was added and the mixture 
allowed to stand, after which it was centrifuged and washed 3 times with 
saturated benzidine sulfate solution. Finally the benzidine sulfate was 
titrated with o 01 N sodium hydroxide solution. 

For Sulfur as sulfates, 20 cc. was neutralized, evaporated slowly to 
about 2 cc., transferred to a centrifuge tube, and made slightly acid with 
hydrochloric arid. It was then heated in a water-bath and 0.01 N 
barium chloride solution added drop by drop. The end-point was moder¬ 
ately sharp, when a drop did not produce a cloudiness in the dear 
centrifuged liquid after some time standing. A 0.01 N sulfuric add 
solution was used to titrate back if necessary. This determination is 
somewhat tedious, but is the most satisfactory one for small amounts 
of sulfates. 

Neutral sulfur is the difference between total extractive sulfur and 
sulfate sulfur. 

Extractive sugar (+ other copper reducing substances) was estimated 
by neutralizing 2 cc. of extractive solution in a test-tube. To this was 
added one cc. of mixed Fehling’s solution. This was heated in boiling 
water for exactly 5 minutes, then placed in ice water for several minutes. 
Five cc. of 40% sulfuric acid and 5 cc. of 100% potassium iodide were 
slowly run in and the cold solution titrated immediately with 0.02 N 
thiosulfate solution to faint salmon pink color, with starch as indicator. 
It is usually best to run one or two tubes on the copper solution and one 
or two on known sugar solutions of the concentration expected. 

Total extractive phosphorus was estimated in 2 cc. after destroying the 
organic material by heating with 0.5 cc. of sulfuric add and 3 cc. of cone, 
nitric in a test-tube. If the sulfuric arid residue was colorless, it was 
transferred with water to a 15 cc. centrifuge tube, neutralized with am¬ 
monium hydroxide, and made slightly arid with nitric add. To this, 
the volume of which should be about 5 cc., was added 2 cc. of 50% am¬ 
monium nitrate solution, and the mixture was heated to 70° in water, 
3 cc. of ammonium molybdate solution added, and allowed to stand at 65° 
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for 20 minutes. By a judicious use of a rubber tipped rod and a fine spray 
from a wash-bottle (with occasionally a drop of alcohol) the precipitate was 
centrifuged satisfactorily. After decantation, it was twice washed with 
one per cent, ammonium nitrate solution and once with water by centri¬ 
fuging. An excess of o. i N sodium hydroxide solution was added 
with a carefully graduated one cc. pipet (using the same one in the same 
way for the o.oi N acid value), one drop of phenolphthalein solution 
added and the solution titrated immediately with o.oi N hydrochloric 
acid. 

For Phosphates, ammonium nitrate and ammonium molybdate 
solutions were added to 2 cc. of extractives in a centrifuge tube at 65°, 
the mixture centrifuged, washed and titrated as above. 

Neutral phosphorus is the difference between total extractive phos¬ 
phorus and phosphate phosphorus. 

Lipins. 

An aliquot part of the lipin solution (30 cc.) was evaporated to dryness 
in a 200 ec. round-bottomed flask and 25 cc. of water and one cc. of con¬ 
ceitrated hydrochloric add added. The contents were refluxed for 30 
hours, after which the solution was decanted and filtered into measuring 
cylinder or flask. The fatty add residue was again heated with 15 cc. 
of water and o 5 cc. of hydrochloric add for 10 hours, and filtered into 
same cylinder or flask. After washing the residue a few times with 
addulated water, the combined solutions were made up to 40 or 50 cc. 

The lipin residue was dissolved in ether or chloroform and evaporated 
to constant weight in weighed beaker, then dissolved in chloroform and 
made to jo cc. 

Lipin Residue Nitrogen and Phosphorus.—Two cc. was evaporated 
and digested with 2 cc. of sulfuric add and a drop of cupric sulfate until 
colorless. Water was added, the solution made accurately to 10 cc., and 
2 cc. used for the phosphorus determination (see extractive phosphorus 
above) and 8 cc. used for nitrogen (see extractive nitrogen above). 

Lipin Residue Sulfur.—Another 2 cc. was evaporated in a nickel or 
porcelain crudble with one g. of caldned, washed, light magnesia contain¬ 
ing about 0.01 g. of sodium carbonate. When dry it was ignited slowly 
over alcohol lamp. Fumes should not appear. The heat was gradually 
increased until the mass was colorless. It was then extracted for '/» 
hour with 10 cc. of water on a water-bath, and filtered. The residue was 
then extracted 3 times more with 5 to 10 cc. portions of water. To the 
combined filtrates 0.5 cc. of cone, hydrochloric acid and 0,5 cc. of bro¬ 
mine water, were added, and evaporation carried to dryness. A few cc. 
of hydrochloric arid was then added, and again the residue was evaporated 
to dryness. This was repeated and the mass taken up in 3 cc. of water, 
transferred to a centrifuge tube with 10 cc. ol benzidine hydrochloride 
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solution, and after 15 minutes, centrifuged, washed 3 times with water 
saturated with benzidine sulfate, and 3 cc. of water and 1 drop of pbeaol- 
phthalein added and the solution titrated hot with 0.01 N potassium 
hydroxide solution. 

Amino Nitrogen.—Five cc. of the lipin hydrolysis filtrate was neutral¬ 
ized and evaporated to 2 cc. and the amino nitrogen determined in an 
amino apparatus. 

The total filtrate nitrogen, in another 5 cc. portion, was determined 
by the usual combustion with one cc. of sulfuric add and a drop of cupric 
sulfate solution, and aeration into 10 cc. of 0.01 N hydrochloric add. 
Phosphorus can be determined in aliquot part following digestion, if de¬ 
sired. 

Volatile Amine Nitrogen.—Ten cc. of the filtrate was made slightly al¬ 
kaline in a test-tube and the ammonia aerated into 5 cc. of 0.01 N hydro¬ 
chloric add, and the nitrogen calculated as ammonia. 

Cholin Nitrogen.—The contents of this test-tube was neutralized and 
washed into a small flask, evaporated to dryness, and covered with abso¬ 
lute alcohol. The residue was pulverized and allowed to stand till the 
extraction was complete. It was then filtered and washed several times 
with hot absolute alcohol; an excess of alcohol solution of chloroplatinic add 
was added and the mixture allowed to stand overnight, then centrifuged, 
and washed with alcohol. The residue was dissolved in water, trans¬ 
ferred to a test-tube and the nitrogen estimated in the usual way. The 
results were expressed as choline nitrogen, although there may be other 
forms present. 

Iodine Absorbed.—Five cc. of the filtrate was evaporated to dryness 
in a 25 cc. flask, and 2 cc. of chloroform or gladal acetic acid added. Ex¬ 
actly 1 cc. mercury chloride and iodine (Hubl’s) solution carefully mixed 
into this, the mixture shaken and allowed to stand overnight in an ice¬ 
box. One cc. of reagent was treated in exactly the same way as a blank. 
Each was then titrated with 0.01 N thiosulfate solution. From the data 
obtained the iodine absorbed by the lipin hydrolysis filtrate was Calculated- 

Sulfur.—After evaporating 5 cc. of the filtrate to dryness it was 
digested with 0.5 cc. potassium hydroxide-sodium nitrate fusion solu¬ 
tion (or one can use the magnesia fusion, as described under Lipin Resi¬ 
due Sulfur). The organic matter was destroyed and the sulfur esti¬ 
mated as benzidine sulfate as described under extractive sulfur. 

Sugar was estimated in 2 cc. of the filtrate as described under extrac¬ 
tives; or, after neutralization, by adding 2 cc- of saturated picric add 
solution, 2 cc. of 20% sodium carbonate solution, and heating for one hour 
in boiling water. A known sugar solution of about the same strength 
was treated in the same way, and the two compared in a colorimeter. 
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20 cc. of the original lipin solution was evaporated to dryness in a nickel 
crucible, 5 cc. of potassium hydroxide-sodium nitrate solution added, and the 
mixture evaporated to dryness on a water bath. It was then taken up in 
water and again evaporated to dryness, after which it was placed on an 
electric stove or over an alcohol lamp and heated until white. It was 
sometimes necessary to take up in water, evaporate and heat a second 
time. Finally it was taken up in water and made up accurately to 10 cc. 
or any other convenient volume. 0.5 or one cc. of the above 10 cc. was 
made add with nitric acid, and phosphorus determined as previously 
described. This was a check on the add fusion described below. 

Total Sulfur. —Two cc. of this solution was placed in an evaporating 
dish, an excess of hydrodiloric acid added and evaporated to dryness. The 
residue was dissolved in hydrochloric add and evaporated to dryness. After 
repeating this treatment twice, the residue was transferred to a centrifuge 
tube with a small amount of water and sulfur determined by benzidine 
method described above. 

As a check on this method, another 2 cc. portion was treated with 
hydrochloric acid, as described, then 5 cc. of water was added, and the solu¬ 
tion brought to boiling. 2 cc. of barium chromate solution (4 g. pure 
barium chromate in one liter of N hydrochloric add) was added and the 
solution boiled 2-5 minutes, a piece of litmus paper was introduced, then 
calrium carbonate in excess, the mixture shaken, allowed to stand a few 
minutes, filtered and washed until the volume of filtrate was 10 cc. To 
the filtrate was added 0.5 cc. of hydrochloric add and 0.2 g. of potassium 
iodide. Titrate with 0 01 N thiosulfate solution. It was necessary to 
check the reagents and it was found best to run a known amount of o. 01 N 
sulfuric add as a control experiment. All conditions must be kept uni¬ 
form. Whenever the amount of salts is appreciable, this method is 
better than the benzidine one (but the results are uncertain in the extrac¬ 
tive fraction, for there may be present substances other than sulfates 
that bring about a liberation of iodine). 

Calcium and Magnesium. —Using a 5 cc. portion caldum was estimated 
as described under extractives. The filtrate from caldum was used for 
magnesium if present in appredable quantities. 

Cholesterol 2 was estimated in the following way: A small amount of 
caldum carbonate and anhydrous sodium sulfate was added to a one 
cc. portion of the lipin solution and the mixture evaporated to dryness 
in a warm but not hot place. When dry, the residue was extracted several 
times with 2 cc. portions of warm chloroform. These were filtered into 
a to cc. graduate, and made to 10 cc. Two cc. of acetic anhydride and 
0.2 cc. of sulfuric add was added. The mixture was then shakes and 

2 W. R. Blow, ‘'The Determination of Cholesterol in Blood," J Bid. Chem., *9, 
*37 
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allowed to stand */* hour. One or two mg. of cholesterol, or the amount 
expected, in chloroform, was treated in same way at the same time. The 
color of standard was compared with the unknown in a colorimeter. 

The iodine number was found for 2 cc. of the lipin solution by evapora¬ 
tion to dryness, dissolving in 3 cc. chloroform, adding one cc. mercuric 
chloride iodine solution, allowing to stand in the cold overnight, and ti¬ 
trating with 0.01 N thiosulfate solution. 

Lipin Nitrogen.—The organic matter in the residue from 2 cc. of lipin 
solution was destroyed with one cc. of sulfuric acid and one drop of cupric 
sulfate solution in large test-tube. The lipin nitrogen was determined in 
the whole sample, after making it alkaline, by aerating the ammonia into 
0.01 N hydrochloric add, or the solution was made up to 10 cc., and 8 
cc. used for nitrogen and 2 cc. for phosphorus as described above. 

Lipin phosphorus was best determined by digesting one cc. of lipin 
solution with 0.3 cc. of sulfuric acid and enough cone, nitric add to make 
the solution colorless when evaporated until white fumes appeared. When 
the solution was boiled very slowly so that the nitric add was not rapidly 
removed, the organic matter was more quickly destroyed. The residue 
was taken up in 3 cc. of water, most of the add neutralized with ammonium 
hydroxide and the phosphorus determined as described above. 

Proteins. 

About o. 20 g. of protein material was exactly weighed out in a nickel 
crudble. Because of the hygroscopic nature of proteins this had to be 
done very quickly, or better, the wdght taken was determined by differ¬ 
ence in weighing bottle wdghts. Water and 5 cc. of the potassium hy¬ 
droxide and sodium nitrate fusion mixture were added and fusion was 
completed as described above. The mixture was finally made to 10 cc. 

Phosphorus in one cc. was determined as described above. 

2 cc. was used for sulfur determination by the benzidine method as 
given under lipin sulfur. 

In another 2 cc. sulfur was determined by the chromate method de¬ 
scribed under lipin sulfur. 

Calcium was determined in 5 cc. as described for calcium in extrac¬ 
tives. 

Chlorine was estimated in one cc. by making it slightly acid with nitric 
add in a centrifuge tube adding one cc. of o 1 N silver nitrate solution, 
centrifuging and titrating with 0.02 N potassium thiocyanate solution. 
Using ferric ammonium sulfate as an indicator. If desired, the solution in 
tube can be decanted into flask, the residue washed twice, and the contents 
of the flask titrated for excess silver. 

Nitrogen.— -Using about 25 mg. of protein in a test-tube, organic matter 
was destroyed with sulfuric acid and cupric sulfate as usual. The residue 
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was made alkaline and the ammonia aerated into o.i N hydrochloric add, 
or made up to io cc., and 6 cc. used for phosphorus determination and 4 
cc. for nitrogen. 

0.25 g. of protein was hydrolyzed in a 300 cc. round-bottomed flask 
with 20 cc. of 10% sulfuric add for 25 hours 1 . The completely hydrolyzed 
solution was made up to 40 cc. and the total protein nitrogen determined 
in two x cc. portions in usual way. 

The remainder of this solution was filtered through a dry filter into a 50 
cc. centrifuge tube, and the nitrogen determined in two more 1 cc. por¬ 
tions. The difference between the two sets was the insoluble hurnin 
nitrogen. The measuring cylinder (and filter paper) was washed. * 7 «o 
of the original sample was then in the centrifuge tube. 3 g. of phos- 
photungstic add in saturated solution was added, the solution stirred, 
and let stand overnight. It was then centrifuged, decanted into a beaker, 
washed twice by centrifuging with 25 cc. portions of 2.5% pbosphotungstic 
add 5% sulfuric add solution. 

The phosphotungstic predpitate was washed into a large test-tube with 
about 15 cc. of water, made slightly but distinctly alkaline and the am¬ 
monia aerated into 5 cc. of o. 1 N hydrochloric add. This is the ammonia 
nitrogen. 

Barium chloride solution was added in slight excess and the mixture 
filtered into a 50 cc. measuring flask, washed and made up to volume. 

Total nitrogen in 2 cc. and amino nitrogen in another 2 cc. were determined, 
allowing the gas to generate for 30 minutes for complete formation of 
nitrogen from lysine. 

To 20 cc. in small flask was added 5 g. of sodium hydroxide, and the 
flask was placed in series as for an ammonia determination. It was then 
heated for 6 hours just to boiling while passing in a very slow stream of 
air, and thus aerated into 5 cc. 0.1 N hydrochloric add. During the last 
hour it was boiled and aerated more rapidly. The result was calculated 
as arginin nitrogen. 

The phosphotungstic filtrate was treated with a slight excess of finely 
ground barium hydroxide, filtered and washed thoroughly. This solu¬ 
tion should always be tested for ammonia by aeration, because some 
phosphotungstic adds do not predpitate all of it. The slightly alkaline 
solution was made slightly add with sulfuric add and evaporated to about 
25 cc. filtered and washed into a 50 cc. centrifuge tube, o 3 N barium 
hydroxide solution and 0.3 N sulfuric add were alternately added until 
approximately no predpitate formed on adding a drop of either. After 
centrifuging, a drop of either reagent very soon formed a predpitate. The 
1 D D. Van Slyke, "Improvement in the Method for Analysis of Proteins by 
Determination at the Chemical Groups Characteristic of the Different Amino Acids," 
/. Bid. Ciem., *a, 281 (191s). 
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removal of the barium and sulfate ions was continued alternately, adding 
and testing with 0.1 N barium hydroxide solution and 0.1 N sulfuric add. 
When this point was reached, one or two drops of either reagent produced 
a distinct cloudiness in a few minutes. Some patience was required to 
get this point correctly. The solution was then filtered into a 50 cc. measur¬ 
ing flask, washed, made up to volume, a few drops of toluene added, and 
the whole shaken. 

A 2 cc. portion of this filtrate was used for amino nitrogen determination. 

The total nitrogen in this fraction was determined by means of a sulfuric 
add combustion, as described above. 

A 5 cc. portion was used for amino acid nitrogen by the copper method. 

Another 5 cc. was used for the formol titration. 

Though not definitely proven to be correct, a few data indicate that the 
aspartic and glutamic adds can be estimated by titrating 10 cc. to a faint 
pink with phenolphthalein, running a blank with an alanin solution of sim¬ 
ilar concentration to that of amino adds present. Or one can precipi- 
tate them as caldum salts and estimate the nitrogen. It should be possi¬ 
ble to estimate tyrosin in this fraction with the phosphotungstic molyb¬ 
date reagent by comparison with a tyrosin standard. 

The soluble humin nitrogen was calculated by adding the total nitro¬ 
gen found in the phosphotungstic predpitate and filtrate, induding the 
ammonia -f insoluble humin nitrogen, and subtracting this from the total 
nitrogen before predpitation of the basic nitrogen. Obviously errors in 
previous determination collect in this estimation. 

General Discussion. 

There are several questions of physiological importance upon which an 
analysis of the pituitary may shed light. The glandular anterior lobe has its 
origin in the alimentary canal, while the nervous posterior lobe originates 
from the same structure as the nervous system. It is natural, then, to 
ask to what extent have the differences due to independent origin been 
preserved; and how far have these original differences been changed by 
juxtaposition and cooperation in function? It might be expected that 
the posterior lobe would be more nearly like the nervous system than like 
the alimentary canal in amounts of the various chemical substances present 
and that the anterior lobe would resemble more closely the alimentary 
canal. 

It is necessary to add that because of the early union of the two por¬ 
tions, it is probable that the material from which they were formed had 
not yet assumed many chemical differences. In this case the peculiari¬ 
ties in the chemical nature of the two lobes would be of a common de¬ 
velopment. Even then, however, there must have been some potential 
or actual differences at the time of union that would persist in making the 
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anterior lobe more like the alimentary canal tissue and the posterior like 
nervous tissue. 

It is pertinent to ask, too, what the data show in regard to the origin or 
presence of the active principles of the pituitary. There should be indi¬ 
cations of such active compounds if present in appreciable quantities. 
Also, what tissues or what kinds of tissues do the lobes of the hypophysis 
most nearly resemble? There is some evidence, for example, that the 
anterior lobe is similar in function to the thyroid; therefore it may be 
similar in composition. There should also be comparison with other 
glands, especially those of internal secretion. 

Discussion of Results. 

Water and Solids.—Judging from the fact that the posterior lobe has 
2.4% less solids than the anterior, it is physiologically the more active 
and younger. 1 The water content of the hypophysis is about half way 
between that of white and gray matter of the brain. It is about 8% 
higher than that for either muscle or liver and very much higher than for 
the supporting tissues. It resembles other secretory glands most closely 
in water content as well as in many other respects. 

Proteins.—The fresh anterior lobe consists -of 4% more proteins than 
the posterior lobe. Both lobes contain considerably more than do white 
or gray matter of the brain, more than muscle, but about the same as liver. 
The spleen and thyroid contain amounts of protein similar to the hypo¬ 
physis. 

If it is permissible to judge of the amount of nudeoprotein in the hypo¬ 
physis by the phosphorus present in the protein fraction, it would seem 
that the percentage of total protein found as nudeoprotein is about the 
same in the two lobes. It is safe to say that there is about 3 times as 
much nudeoprotein in the pituitary as in any of the divisions of the 
nervous system, many times more than in muscle, but probably less than 
in liver and spleen. 

In comparing the distribution of the protein nitrogen in the two lobes, 
the most apparent fact is the similarity between them. Humin, am¬ 
monia, basic, and the monoamino forms are about equally distributed in 
the two lobes. However, the larger amount of histidin and the smaller 
amount of cystin in the anterior lobe are probably significant differences. 
Though the proteins of the lobes of the pituitary have not been isolated 
and investigated separately, the data above would indicate that the pro¬ 
teins of the two lobes are qualitatively very similar. 

Lipins.—It will be noticed that the total lipins are o 84% higher in the 
posterior lobe than in the anterior, reversing the protein percentages in 
the two lobes. Though the white matter of the nervous system has 5 
1 F. Fenger, "Composition and Physiological Activity of the Pituitary Body," J. 
Bid. Chefit., 25,417 (19T6). 
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Tabu I. 

Constituents in Percentages of Fresh Tissue and of Total Solids. 


Anterior lobe. Posterior lobe. 


Freih tissue . 

Total solids. 

Fresh tissue. 

Total solid*. 

Water. 

Solids. 

Proteins. 

77 n 

32.77 

IT .66 

77-33 

79.68 

20.32 

13 46 

66.22 

Protein phosphorus. 

0.116 

0.509 

0.097 

0-477 

Protein sulfur. 

0.178 

0.782 

0.205 

I .OX 

Protein calcium.. 

0.017 

0.074 

0.032 

0 157 

Protein nitrogen. 

2.390 

10.49 

1.68 

8.27 

Protein humin nitrogen. 

0 487 

2.15 

0.256 

1.26 

Protein ammonia nitrogen. 

O. 12 7 

0 51 

0.073 

0.359 

Protein basic nitrogen . 

0 633 

2 87 

0.513 

2.52 

Protein arginiu nitrogen. 

0.373 

1 .64 

0.321 

I 59 

Protein histidin nitrogen. 

O. 104 

0.462 

0.027 

O.X32 

Protein lysin nitrogen. 

O- 148 

0.651 

0.075 

0.367 

Protein cystin nitrogen. 

0.078 

0 34 

0.090 

O.443 

Protein monoamino nitrogen ... 

1 133 

4 97 

0.841 

4.14 

Protein ncm-amino nitrogen. 

0.285 

1.25 

O. 190 

0 935 

Protein a-amino nitrogen. 

0.848 

3-73 

0.651 

3-20 

Lipins. ... . 

3 16 

> 3-87 

4.00 

19.68 

Lipin phosphorus . 

0.095 

O.418 

O. 12 

039 

Lipin sulfur. 

O 0012 

0.0053 

0.0016 

0.0079 

Cholesterol. 

0 375 

1 65 

0.430 

2.12 

Iodine absorbed. 

1.94 

8.52 

2.63 

«2 94 

Lipin residue. 

2 02 

8.87 

2.58 

12.69 

Lipin nitrogen. 

0.054 

0 237 

0.077 

0-379 

Lipin residue nitrogen. 

0.011 

0 048 

0.013 

0.064 

Lipin filtrate nitrogen. 

0 043 

0.189 

0.064 

0.315 

Lipin amino nitrogen . 

0.025 

O. I IO 

0.037 

o.t8i 

Lipin choline nitrogen. 

0.016 

O 070 

0.021 

c. 103 

Lipin sugar. 

0 '3 

0 57 

0.15 

0.74 

Extractives. 

1 93 

8.56 

2.87 

14.12 

Organic extractives. 

1.56 

6.85 

3.44 

12.00 

Inorganic extractive--. 

0 39 

1.71 

0.43 

2 . 12 

Extractive, sulfur. 

0.003 

0.013 

0.005 

0.025 

Extractive, calcium. 

0.002 

0.009 

0.008 

0.039 

Extractive, phosphorus. 

0.056 

0.246 

0.068 

0.33s 

Extractive (phosphate) phosphorus 

0.036 

0.158 

0.02B 

0.138 

Extractive neutral phosphorus... 

0.020 

0.0S8 

O.O4O 

0.197 

Extractive sugar. 

0 343 

I . JO 

0.225 

I. 107 

Extractive nitrogen. 

0.085 

0.374 

0.168 

0.827 

Extractive amino nitrogen. 

0053 

0.233 

0.093 

0.458 

Extractive ammonia nitrogen. 

0.003 

0.013 

0.002 

0.010 

Extractive urea nitrogen. 

0.007 

0.031 

0.004 

0.020 

Extractive creatia + creatiaia 
nitrogen. 

0.012 

0.053 

0.009 

0.044 
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TablB II. 

Percentage of Lipins in Fresh Tissue. 

Anterior lobe. Posterior lobe. 


Total lipins..... 3.16 4.00 

Cholesterol. 0.37s 0.430 

Phosphatids . 3.45 3.09 

Cephalin.. 1 47 2.16 

Lecithin. 0.84 i.n 

/ 0.596 (sugar) 0.688 (sugar) 

.. loss (res. nitrogen) 0.65 (res. nitrogen) 

Sulfatids. o 06 0.08 


Table III. 

Distribution of Nitrogen, Phosphorus and Sulfur 

Anterior lohe Tcwterior lobe 

% total % totat % total % total % total % total 
nitrogen phosphorus sulfur nitrogen phosphorus sulfur 


Protein. 94 5 43.4 97-7 87 .3 34 -° 96-9 

Lipin. 2.13 35 6 0.7 4 0 42 1 08 

Extractive. 3.36 21 o 1.6 8.7 23.9 2 4 


times as much lipins as the posterior lobe (20% as against 4%), the gray 
matter has about the same percentage amount as the pituitary. The 
percentage of total solids present as lipins is similar to, but less than that in 
the nervous system, before medullation has occurred. There is considerable 
similarity between fetal brain and adult pituitary in the percentage of total 
solids present as lipins and as proteins. Muscle has about l /« as much 
lipins, most of the glandular tissues have less. 1 The liver, however, con¬ 
tains nearly as much; the thyroid somewhat more. 

About the same portion of the total lipins in the two lobes is in the form 
of cholesterol. Both lobes contain less cholesterol than any part of the 
brain, less even than in very young fetal brains, but contain more choles¬ 
terol than do other organs. 

The phosphatids are calculated from the lipin phosphorus on the as¬ 
sumption that the phosphatids contain 3 88% of phosphorus. This group 
is about equally distributed between the two lobes. The phosphatids 
are probably present in amounts about equal to those in gray matter of 
brain, somewhat greater than in liver, much greater than in muscle, and 
similar to that in thyroid and spleen. 

In the table the lipin amino nitrogen is calculated to theoretical cephalin, 
assuming that it has 1.7% amino nitrogen. However, it is probable 
that there are small amounts of other lipins that contain amino nitrogen. 
Cephalin is thus the principal lipin in both lobes of the pituitary, as it is 
in all divisions of the brain. 

Theoretical lecithin is calculated from the choline nitrogen, assuming 
tbar 1.9 % (all) its nitrogen is in this form. There is about */* as much 
1 F. Fenger, "Phosphatids in the Ductless Glands," /. Biol. Chm., 27,303 (1916). 
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lecithin as cephalin in each lobe. These proportions are similar to those 
in the brain. 

Some nitrogen in filtrate is not amino or choline nitrogen. This may 
be one of the constituents of tethelin, or possibly of some phosphatids. 
This may be concerned in the formation of the active principle of the pos¬ 
terior lobe. 

The cerebrosides can be calculated from the residue nitrogen (cerebro- 
sides =* 2.00% N). By this estimation the posterior lobe has 0.65% 
and the anterior lobe 0.55% cerebrosides. It is probably more accurate 
to calculate from the sugar formed on hydrolysis assuming that the cere¬ 
brosides contain 21.8% sugar, In this way the cerebrosides equal 0.69% 
in the posterior lobe and 0.60% in the anterior. This is remarkably 
similar to the amounts found in gray matter, about ’/jo that of white 
matter, but much greater than in most tissues. Pus cells have about the 
same quantity as the pituitary. The glands of internal secretion may con¬ 
tain large amounts of cerebrosides; the data are meager. 

The amount of suljaiids is very small, much smaller than in the fetal 
nervous system. In this respect it is similar to the non-nervous parts 
of the organism. 

Extractives.—If the amount of extractives is a measure of the activity 
of a tissue, both lobes are among the more active tissues. The posterior 
lobe has considerably more extractives than the anterior. The posterior 
has about as much as young nervous tissue, and more than adult nervous 
tissue. The anterior lobe has approximately the same amount as the 
muscles, though the amounts of the various forms of extractives differ 
greatly. 

The amount of inorganic material in the two lobes differs but slightly, 
while the amount of organic material is almost 1% higher in the posterior. 
One would expect the secreting portion to be higher in all extractives 
unless some special material of organic nature is being elaborated. In 
both lobes the amount of the inorganic extractives is considerably less 
than in the brain or muscles and most other organs. 

There is more fttlfur and more calcium in the posterior lobe. The 
phosphorus as phosphate is higher in the anterior lobe, .but the neutral 
phosphorus is considerably greater in the posterior. The amount of 
sugar or other reducing substances in the anterior lobe is greater. The 
amount of nitrogen is about twice as high in the posterior lobe. The 
amount of nitrogen in the form of urea, ammonia, creatin and creatimn 
is slightly greater in the anterior lobe. 

Probably the most significant data on extractives is the comparatively 
large amount of nitrogen in the posterior lobe as amino nitrogen and un¬ 
determined nitrogen. These are the two forms that are probably present 
in the pressor principle of the hypophysis. 
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It is evident from Table III that the distribution of nitrogen, phosphorus 
and sulfur is very much the same in the two lobes. 

Conclusions and Summary. 

x. A method of tissue analysis using small quantities is described. Two 
to 10 g. of tissue is used for complete analysis. The compounds are separa¬ 
ted into 3 groups, proteins, lipins, and extractives. Many determinations 
are made on aliquot parts of each of these groups. 

2. The anterior lobe has 2 4% more solids, 4% more protein, 0.9% less 
lipins, and o. 9% less extractives than the posterior lobe. 

3. The distribution of the various elements and compounds in the 
protein fraction indicates a close similarity in the nature of the proteins 
of the two lobes. 

4. Except for the small amount of sulfatids in the hypophysis the dis¬ 
tribution and amounts of the various lipins are similar to those of gray 
matter of the cortex. Because of lack of quantitative data it cannot be 
stated whether the particular pituitary lipins do or do not dosdy resemble 
those of the other glands of internal secretion (thyroid in particular). 

5. The extractives decidedly predominate in the posterior lobes. In 
attempting to see in what substances this predominance consists, non¬ 
phosphate phosphorus, amino nitrogen and undetermined nitrogen are 
found to be conspicuous. The two latter may be present in the pressor 
compound. 

6. The chemical composition of the hypophysis resembles the gray mat¬ 
ter of the brain or young nervous tissue in most respects. There are 
many points of resemblance to the thyroid and spleen, quite a few to the 
liver, but practically none to the connective tissues, musde, or white 
matter of the brain. There is no part of this data that would indicate 
that the pituitary could not have a vicarious relationship to the thyroid. 

7. In those respects in which the two lobes differ, the posterior is more 
like gray brain substance than the anterior. Both lobes resemble each 
other more dosely than either resembles any other tissue. It cannot be 
stated that the pituitary is more like unmedullated nervous tissue than 
it is like undifferentiated pus cells. It can be assumed as an hypothesis 
that the partly differentiated embryological material, after union of the 
two parts, develops together, resulting in a similarity of composition. 

8am Pmamcuco, California 
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THE PREPARATION OF CYANOGEN CHLORIDE. 1 

By W. L. Jbnninos and W. B. Scott. 

Received M»y 2, 1919. 

Berthollet,* in 1787, was the first to prepare cyanogen chloride by the 
action of chlorine on hydrocyanic add. Because of his misconception of 
the nature of chlorine he called the product “oxidized prussic add,” but 
did not determine its constitution. In 1815 Gay-Lussac* determined its 
chemical nature, assigned the formula which is accepted to-day, and 
named it “chlorocyanic add.” His method was to saturate an aqueous 
solution of hydrocyanic add with chlorine and remove the excess chlorine 
by shaking with mercury. The product was at first obtained from the 
solution by distillation, but as it was thought this heating decomposed it, 
in later experiments it was separated by reducing the pressure in the flask 
until the “chlorocyanic add” was vaporized. Gay-Lussac found later 
that he could prepare the substance by the interaction of moist hydro¬ 
cyanic add and chlorine and by the action of chlorine on dry mercuric 
cyanide in the sunlight, but he preferred the first method. He did not 
purify his product well enough to make an accurate determination of its 
physical constants. From its behavior he concluded that while at or¬ 
dinary temperature and pressure it appeared to be a gas, this property 
might be due to the presence of some other gas such as carbon dioxide. 
Semites, 4 in 1827, found that the presence of moisture greatly facilitated 
the reaction between the chlorine and mercuric cyanide; enough water 
was added to the mercuric cyanide to moisten but not dissolve it. Chlorine 
was passed into the flask containing the cyanide until most of the air was 
expelled and the flask was then set aside for from 10 to 12 hours, as it 
was found that under these conditions direct sunlight was detrimental 
to the reaction. The product contained hydrochloric acid, cyanogen and 
chlorine. He found the melting point to be —18 to —20 0 and the boiling 
point —12 0 to —15 0 , but the product was obviously far from pure. He 
was the first to name it cyanide of chlorine. 

Serullas found that while dry cyanogen and chlorine did not react even 
in the sunlight, the presence of a little moisture resulted in the formation 
of a yellow liquid. He also found that pure hydrocyanic acid and moist 
chlorine, when the latter was not in excess, reacted in the sunlight to give 
ammonium chloride and the yellow liquid. The yellow liquid had a 
sharp and irritating odor, was insoluble in water, but soluble in alcohol. 

1 Published by permission of the Director of the Chemical Warfare Service. 

* Atm. chim. fikys., fr] 1,35 (1789). 

'Ibid., It] V5,aoo {1815). 

'Ibid., [2] 35, 991, 337 (1827). 
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Water slowly decomposed it, giving hydrochloric add, nitrogen, carbon 
dioxide and a white crystalline solid which he conduded was a chloride 
of carbon, since it gave chlorine and carbon on decomposition. Prom 
these facts he conduded that the yellow liquid was a mixture of nitrogen 
chloride and carbon tetrachloride formed by the action of chlorine on 
cyanogen chloride in the sunlight and attributed the unusual stability 
erf the nitrogen diloride (which did not explode) to the presence of the 
carbon tetrachloride. 

In 1847 Wurtz 1 treated a dilute solution of hydrocyanic add cooled 
to o° with chlorine. After some time a liquid layer formed on the sur¬ 
face of the solution. This layer, after separation and washing with water, 
boiled at 20° and its vapors burned with a violet flame. He called this 
liquid “chlorohydrure de cyanogene'' and gave it the formula 2CNCI.HCN. 
When cooled and treated with mercuric oxide to remove the hydrocyanic 
add, it decomposed, giving cyanogen chloride, which could be distilled 
through calcium chloride. When this product contained any excess 
hydrocyanic add and chlorine it polymerized to cyanuryl chloride but 
would not change if entirely pure. 

Wurtz determined the boiling point to be 16° and the melting point 
—7 0 and considered it a liquid isomer of the gaseous cyanogen chloride. 
In a later investigation 1 he found the boiling point to be 15.5 0 and melt¬ 
ing point —5° to —6°. These later observations were confirmed by 
Salet* in 1865. 

•An investigation carried out by Neumann and Vogt 4 in 1870 showed 
that the product first formed when chlorine was passed into the solutions 
of hydrocyanic add was not a compound of cyanogen chloride and hydro¬ 
cyanic add, but simply a mixture of these two substances of no fixed 
proportions. 

In 1850 Wohler 4 prepared cyanogen chloride by adding a slight ex¬ 
cess erf mercuric cyanide to a saturated solution of this salt in water, 
and passing in chlorine until the solution was saturated and the space 
above the liquid was filled with the gas. The flask was then dosed, 
placed in a dark room, and shaken frequently until all the cyanide had 
dissolved or all the chlorine had been used up. Any excess of chlorine 
was removed by mercury. The cyanogen chloride was then distilled off 
through calcium chloride and condensed in a U-tube surrounded by a 
freezing mixture. 

In 1854, Cahours and Cloez* described a method which differed from 

* Comft. rend., 34, 436 (1847); Ann., 64, 307 (1847). 

* Jahresber., 1851, 379. 

* Ompt. rend., 60, 533 (1863). 

4 Ann., 133, 170 (1870). 

‘ Ibid., 73, 220 (1830). 

4 Ccmpt. rend., 38,354 (1854); Aim., 90, 97 (1834). 
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the Wohler method in that a dilute solution of mercuric cyanide teas 
used (roo g. in 4 liters of water) and the chlorine was removed from the 
product by passing the gas through a tube containing copper turnings. 

Langlois, 1 in i86i, used alkaline cyanides in place of mercuric cyanide 
but found that the action of chlorine evolved so much heat that the tem¬ 
perature rose to 85° or 90°, forming ammoniacal vapors and a black sub¬ 
stance. However, by cooling the cyanide solution with ice only a slight 
brown coloration appeared. The greater part of the cyanogen chloride 
distilled off at the temperature of melting ice, but some remained be¬ 
hind, forming, according to the author, a compound with the potassium 
chloride. By heating in a water-bath at 45 0 to 50° this compound was 
broken down and the cyanogen chloride was distilled off through a tube 
containing calcium chloride and copper turnings and condensed in a 
freezing mixture. 

In 1866 Gautier 2 described a method for preparing each of the supposed 
3 forms of cyanogen chloride (gaseous, liquid and solid). He attempted 
to explain the fact that the gaseous cyanogen chloride of Serullas and the 
liquid form of Wurtz had the same formula by assuming the former was 
only the vapor of the latter. It is interesting to note that this crude 
explanation found its way into one of the text-books on chemistry.* It 
was characteristic of all 3 methods that the chlorine was added to the 
cyanide. In 1895, Hantzsch and Mai* reversed this procedure. To a 
saturated solution of chlorine in water at o°, potassium cyanide was added 
until the chlorine was completely used. The solution was then resatura¬ 
ted with chlorine and the addition of potassium cyanide continued. By 
always keeping the chlorine in excess the authors claimed to have over¬ 
come the tendency of the reaction mixture to turn brown, which always 
happens when chlorine is passed through a solution of potassium cyanide, 
with consequent low yield of cyanogen chloride. 

The most recent method of preparation was that of A. Held.* The 
author claimed that the addition of zinc sulfate to a solution of potassium 
cyanide made the solution more stable under the action of chlorine. 
Chlorine was passed into a solution of 4 moles of potassium cyanide and 
l /« mole of crystalline zinc sulfate in 8 liters of water cooled to 0°, until 
the cyanide was used up and the white zinc cyanide appeared and then 
just disappeared. The cyanogen chloride was not distilled from the solu¬ 
tion, but a 100% yield was calculated from the quantity of sodium which 
the cyanogen chloride replaced in an organic molecule to which the sodium 
was united, such as sodium acetoacetic ester. 

1 Arm. Mm. phyi., b) 61,481 (1861); Jaknsbcr.. 1861,345. 

• Butt. soc. Mm., 5, 403 (1866); Ann., 141, in (1867). 

1 Rosooe and Schorlemmer, 1, 668 (1878 edition), 
afi, 3471 (1895). 

' Bull. me. ckim., [3] 17, 387 (1897). 
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Grignard 1 claimed that the method of Held will yield only 25% of the 
theory and recommended the method of Dreschsel,* which is a modifica¬ 
tion of the Wdhler method. In this method chlorine was passed into a 
flask l /* to */» full of water, cooled in ice-water, until a thick mush of 
chlorine hydrate was formed. The amount of chlorine added was de¬ 
termined by weighing the flask and contents before and after the addi¬ 
tion. Twice this weight of mercuric cyanide was added, the flask closed, 
and shaken in the dark until all the cyanide was dissolved and the solu¬ 
tion was colorless. The cyanogen chloride formed was obtained by dis¬ 
tillation. Grignard modified the above procedure by adding an amount 
of sodium chloride equal to the weight of chlorine to prevent the formation 
of a chlorocyanide. The time of the operation was about 24 hours. 

Experimental. 

The first method investigated was that of A. Held,* but the yields, 
after several trials, were so small that it was not thought desirable to purify 
the product. The next method tried was that of Langlois.* The product 
was purer than that obtained in the method of Held, but the yield was 
even less, so this method also was abandoned. 

As the presence of water seemed to have a marked influence in causing 
the blackening it was decided to try the action of chlorine on powdered 
cyanide without the addition of water. 

Solid Cyanide with Sand Diluent.—Fifty g. of finely ground potassium 
cyanide (Baker & Adamson) mixed with an equal bulk of mediundy 
fine sand, to serve as a heat-distributing medium, were put in a glass tube 
of 3 cm. diameter. This tube was about 40 cm. long and surrounded by a 
bath at a temperature of —5 0 . Chlorine, washed with water, was intro¬ 
duced at the bottom of the tube, and the gas issued at the top through 
a tube containing copper turnings and calcium chloride and was condensed 
in a U-tube, cooled to —18 0 to —19°, 

During the run the cyanide in a portion of the tube which was visibly 
moist turned a dark brown, but that which was seemingly dry did not 
change color. No product distilled over until the bath surrounding 
the sand-cyanide mixture had reached a temperature of about +2° or 
+3 0 . The final temperature of the bath, 2.5 hours after starting, was 
4-9°. 28 g. of a yellow colored liquid was obtained, which is equivalent 
to a yield of 50%. A repetition of this experiment under exactly the 
same conditions except that the surrounding bath was not allowed to rise 
above +3 0 gave an 80% yield. Subsequent experiments under appar¬ 
ently the same conditions, gave variable results, in two cases the yields 
being 88% and 93%, respectively, and in others as low as 10%. 

* Aim. chm., [9] 4, 40 (1913). 

* J. pnkt. Chen., [a j 8, 318 (1874). 

% Lot. til. 
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It seemed probable that variations in moisture and temperature in¬ 
fluenced the yield. Experiments were made to determine the effect* 
of a tnaTimimi and a minimum amount of water. 50 g. of cyanide trit¬ 
urated with an equal weight of water was treated in a 500 cc. flask with 
a current of chlorine, the contents of the flask being cooled in a bath at 
—5 0 and constantly stirred. The mixture turned dark almost at once 
upon the entrance of chlorine, which was passed through the mixture for 
two hours when there appeared to be no more liquid collecting in the re¬ 
ceiver. The flask was then heated in a bath at 45° to distil over any 
cyanogen chloride remaining. There was obtained 11.5 g. correspond¬ 
ing to a yield of 20.7% of a yellow product, somewhat turbid from the 
presence of cyanuryl chloride formed by polymerization. The behavior 
of the reaction was quite similar to that of the Langlois method and the 
yield was unsatisfactory. 

In the next experiment the cyanide was carefully dried at 120°, finely 
powdered and mixed with an equal bulk of sand previously dried. This 
was treated with chlorine, dried by bubbling through sulfuric add, for 
two hours, in the same apparatus and under the same conditions as pre¬ 
viously described for the sand-cyanide mixture. No product was ob¬ 
tained which proved that some moisture was essential for the success 
of the reaction. Any excess of moisture, however, speeded up the reac¬ 
tion to such an extent as to cause local heating with consequent decom¬ 
position, formation of azulmic substances, and diminished yield- The 
best results were obtained with about 2% moisture. In all the experi¬ 
ments with the cyanide-sand mixture examination of the solid residue 
after the reaction showed that there were numerous scattered areas of de¬ 
composition, undoubtedly due to local superheating and excess moisture, 
the sand particles not being able to distribute this heat rapidly enough. 
The excess temperature in the zone of reaction drove out the moisture 
from some areas and deposited it in the cooler portions where it accumula¬ 
ted and led to azulmic formation and lessened yield. 

It seemed desirable to find a diluent that would dissipate the excessive 
heat of the reaction as fast as formed. Carbon tetrachloride proved to be 
the most effective agent for this purpose. 

Solid Cyanide with Carbon Tetrachloride Diluent,—The procedure 
finally adopted was as follows: 50 g. (1 mole) of Merck's sodium cyanide 
fused in lumps, purity 98-99%. was finely pulverized and one g. (2%) of 
water was added and thoroughly mixed with the cyanide. This mixture 
was put in a 250 cc. filter flask together with 75 cc. of carbon 
just enough to prevent the mass becoming pasty, and cooled to —5 0 by 
an outride bath of ice and salt at —io°. Chlorine, bubbled through water, 
was run into the mixture as rapidly as possible with constant shaking of 
the flask so that the temperature of the reacting m»« was held between 
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the limits of —5 0 and o°, for the most part actually at —3 0 . The time 
required for the complete absorption of chlorine under these conditions 
was about 4.5 hours. The reacting materials assumed a flesh color 
shortly after the entrance of the chlorine. This color did not change 
until nearly the end of the chlorine absorption, when it became slightly 
darker, due to small amounts of the material spattering up out of the coded 
zone and thereby undergoing decomposition. The reaction flask was 
connected by a calcium chloride drying tube filled with fused calcium 
chloride to a U-tube immersed in a freezing mixture. The receiver was 
connected to a water bubbler through another chloride of calcium drying 
tube. When the chlorine absorption was complete, indicated by gas 
passing through the bubbler on the end of the absorption tube, the tem¬ 
perature in the reacting flask was allowed to rise to about + io°, at which 
point the cyanogen chloride began to distil. The distillation was con- 
tinned with gradual rise of temperature and was completed by surround¬ 
ing the flask with a warm bath. The heating was discontinued when the 
temperature inside the flask reached 28 °. During the distillation a slow 
current of chlorine was passed through the apparatus. The cyanogen 
chloride obtained was slightly yellow in color and weighed 60 g., corre¬ 
sponding to a yield of 98% based on 49 g. of pure sodium cyanide. 

The carbon tetrachloride used as a diluent was distilled off on the steam 
bath and measured 77 cc. It was colored slightly yellow and was some¬ 
what turbid from the small amount of water that distilled over with it. 
This amount was practically quantitative for the carbon tetrachloride 
and water originally added. It had a strong odor of cyanogen chicwide 
and upon standing some time deposited a small amount of cyanuryl 
chloride. The residue of sodium chloride, left after the removal of the 
carbon tetrachloride, was an almost white powder and had the appear¬ 
ance of the original powdered cyanide, It weighed 60.5 g., showing 
that all the sodium cyanide had been transformed into sodium chloride. 
Its aqueous solution gave a slightly alkaline reaction and only a faint 
test for cyanide. These results show that the reaction was practically 
quantitative. An experiment run at a somewhat higher temperature 
(+5 0 ) did not give as satisfactory a yield. 

One experiment showed that the process can be carried on without any 
diluent provided the temperature is kept low enough and the chlorine 
is supplied only as fast as required. The method used was to expose the 
finely pulverized sodium cyanide containing 2% moisture in a dosed 
chamber surrounded by a refrigerating atmosphere at a temperature of 
—18 °. The chamber was connected with a reservoir of chlorine under 
pressure. After 16 hours of contact the cyanide had taken on the ap¬ 
pearance of brown sugar and the reaction appeared to be complete. The 
cyanogen chloride formed was distilled off in the usual manner, giving a 
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yield of 85%. The smaller yield and greater amount of decomposition 
which was apparent, showed that this method does not permit of such 
perfect control as when carbon tetrachloride Is used as a diluent. The 
cyanogen chloride may be freed from any dissolved chlorine by solidifying 
it and sweeping out the chlorine by a slow current of dry air or by letting 
it stand in a sealed tube over mercury and subsequent distillation. Thus 
purified, it formed a colorless liquid boiling at 13 0 at 748 mm. pressure 
(thermometer bulb immersed in the liquid) and solidifying at —5 0 to 
—6°. Regnault 1 gave the boiling point as +12.66° and the melting 
point as —7.4°. Two vapor-density determinations by the Victor 
Meyer method gave a molecular weight of 63 6 and 63 8, results which 
were only slightly higher than the theoretical (61.5). 

When pure the cyanogen chloride does not polymerize; the impure 
products, however, show a varying degree of polymerization, depending 
upon the conditions. This is especially marked in the presence of small 
amounts of hydrochloric acid, traces of which are apt to be formed by 
the action of the chlorine on organic impurities accidentally present. 
Whenever such traces of hydrochloric acid are suspected they should be 
removed by lime or other alkaline agent, as they very rapidly polymerize 
the cyanogen chloride to cyanuryl chloride as explained by Chattaway 
and Wadmore 5 In the literature 3 the statement is made that great 
care must be exercised when preparing cyanogen chloride as explosions 
frequently occur. This idea seems to have originated from a brief note 
of Weitli, 4 who stated that he had often observed explosions of extreme 
violence when passing chlorine into solutions of mercuric cyanide, he had 
never observed them, however, when preparing cyanogen chloride by the 
action of chlorine on hydrocyanic acid. I11 this connection attention 
should again be called to the statement of Serullas already referred to in 
the introduction, that by the action of moist chlorine on an excess of pure 
hydrocyanic acid in the sunlight he had obtained ammonium chloride 
and a yellow liquid, w-hich behaved towards water in such a way as to 
lead him to conclude the yellow liquid was a mixture of nitrogen chloride 
and carbon tetrachloride, although the nitrogen chloride seemed to be 
non-explosive. 

Because of these statements, it seemed desirable to investigate the 
cyanogen chloride prepared from solid sodium cyanide as to the possi¬ 
bility of its containing anything of an explosive nature. Ten ce. of a pure 
sample was cooled nearly to the freezing point and treated with pure dry 
chlorine. The colorless cyanogen chloride immediately turned yellow and 

1 J hresber., 1863, 70 and 74 

* J. Chrm Sot gj, 1 c,4 1 igu 2), 

* Roscoc and Schorlcmmcr, 1905, Vol 1. fi.’Q 

* H". 7, 1745 (1X74). 
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the freezing point was lowered to such an extent that the substance could 
be cooled to —18 0 without solidifying. After saturation at —18 0 the solu¬ 
tion was allowed to warm to —io° when boiling began, evidently due to 
the escape of the excess chlorine. 5 cc. of the material thus saturated 
with chlorine at —10° was treated with a current of pure anhydrous 
hydrogen chloride at —5 0 and allowed to stand in a sealed tube for several 
days when polymerization to cyanuryl chloride was practically complete 
except for a few drops of a viscous yellow liquid which resisted further 
polymerization even upon several week's standing. Considerable pressure 
was found on opening the tube, owing to the chlorine and hydrogen 
chloride liberated when the cyanogen chloride solvent was converted to 
the solid polymer. The few drops of viscous oily liquid were unaffected 
by a drop of turpentine and there was no evidence of nitrogen chloride 
or other explosive. 

In another experiment, 5 cc. of pure cyanogen chloride saturated at 
—5 0 with chlorine was exposed in a staled tube to direct sunlight for 4 
days with apparently no change. The tube, when cooled, and opened 
showed no pressure. The contents was then saturated with pure dry 
hydrogen chloride as above. Polymerization appeared to be complete 
after several days. There was slightly more unpolymerized liquid and it 
was of a less viscous nature than in the first experiment, but there were 
no evidences of an explosive compound. The fact that it polymerized 
almost completely removes the possibility of any secondary effect of sun¬ 
light. 

In a third experiment 5 cc. of pure cyanogen chloride, without previous 
addition of chlorine, after saturation at —io° with pure dry hydrogen 
chloride for 1 /a hour, was sealed in a tube. Polymerization began almost 
immediately and was complete in about a day. In this case no oily liquid 
was noticeable and there was no formation of a yellow color. 

The results of this investigation seem to show that the method of pre¬ 
paring cyanogen chloride by the action of chlorine on solid cyanide at 
low temperature and in the presence of slight amounts of moisture, not 
over 2%, is superior to other methods in ease of manipulation, quantita¬ 
tive yields and purity of product. It may also lie concluded that in the 
preparation of cyanogen chloride by this method nothing of an explosive 
nature is formed. The yellow color of the impure product is due probably 
to a solution of chlorine in the cyanogen chloride, which greatly lowers 
the freezing point and the oily liquid formed after polymerizing the un- 
purified product may be a lower polymer like the cyanuryl chloride. 

Credit is due to Dr. Farrington Daniels for his assistance in some por¬ 
tions of the work. 

WtWCttrrKH. MASSACHUSETTS 



STUDIES IN THE CYCLOPROPANE SERIES. VL 


1249 


[Contribution prom tbs Chemical Laboratory op Harvard University.] 


STUDIES IN THE CYCLOPROPANE SERIES. VI. 

By E. P. Kohler and W. N. Jones. 

Receive*! May 17, 1919 

In the last paper of this series 1 the properties of a cyclopropane ketonic 
add were compared with those of a dosely rdated cyclopropane diadd. 
We now present the facts obtained while studying the corresponding 
diketone. The relation between these substances is shown by the follow¬ 
ing formulas: 

GH.CH — CHCOOH GH.CH — CHCOOH, C.H.CH — CHCOOH, 

\/ \/ \/ 

CHCOOH CHCOOH CHCOOH, 


The diketone was obtained by brominating benzylidene diacetophenone 
and eliminating hydrogen bromide from the product. This reaction 
might give one of three substances depending on the way in which hydro¬ 
gen bromide is eliminated: I. A cyclopropane derivative if the hydrogen 

GH.CH — CHCOOH, 

and bromine come from the a —y positions \ / 

CHCOOH, 


II. An ethylenic compound if they are removed from adjoining atoms, 
C.H.C - CHCOC.H* 

III. A dihydrofurane derivative if the elimination 


CH,COC,H, 
is from an enolic modification, 


GH.CH — CHCOOH, 


> 


Our substance forms 


CH - CGH, 


a dioxime, therefore it is not the furane derivative. With hydrogen 
bromide in glacial acetic acid it gives a bromofurane which has a chain 
different from that of the ethylenic diketone, and which could be formed 
only from the cyclopropane derivative 
GH.CH — CHCOOH. f OH.CHBr — CHCOOH. 1 

\ / + HBr — I ! —► 

CHCOC.H, j_ CH,COC.H.J 

GH,CHBr — C - CGH, 

| ^>0 +H.O 

HC » CC.H* 


The cyclopropane derivative may also be made by introducing two 
bromine atoms into benzylidene diacetophenone and digesting the prod¬ 
uct with potassium iodide. 

GH,CHCHBrCOC«H» GH.CH — CHCOOH, 

! + aKI - \ / + iKBr + I,. 

CHBrCOGH, CHCOOH, 

This method is somewhat more laborious than the former, but admira- 
1 This Journal, 41,1093 (1919). 
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bly shows the ease with which the ring is dosed. The product is stereo- 
isomeric with that obtained from the moaobromo compound. 

Pheny Idibenzoyl-cy dopropone is a 1,4-diketone as well as a cydopro- 
pane derivative. It gives a dioxime with hydroxylamine and ditertiary 
alcohols with organic magnesium compounds, but does not show the ten¬ 
dency to form furane derivatives which is characteristic of i,4-dilcetones. 
Its most conspicuous chemical property is that of combining with most 
of the substances which can be added to a ,/3 unsaturated ketones. With 
nascent hydrogen, hydrobrotnic add, free bromine and phosphorus penta- 
chloride it gives products similar to those obtained from ethylenic com¬ 
pounds. It does not, however, reduce permanganate or give 1,4 addi¬ 
tion products with organic magnesium compounds 
The substance combines with hydrogen more readily than any other 
cydopropane derivative that we have studied. Half an hour’s boiling 
with alcohol and zinc dust suffices to reduce it completely to benzylidene 
diacetophenone, the ring opening at the point at which it had been dosed. 

C*H»CH — CHCOC.H, C.H.CHCH.COCJH, 

\ / + *H - | 

CHCOCtHi CH.COC.H, 


The cydopropane derivative does not, like the corresponding ketonic 
add, combine with halogen adds in alcoholic solution. In gladal acetic 
add, however, it combines rapidly with hydrobrotnic acid. The ring is 
opened between carbon atoms 2 and 3, and the addition product imme¬ 
diately loses water, thus forming a furane derivative. 


C J H l CHCHCOC 4 Hi 

\/ + HBr 

CHCOC.H* 


CfHtCHBrC — CC.H, 

^X> + HiO, 

CH — CC*H, 


The resulting furane derivative, like most of the addition products 
obtained in this work, is only remotely related to known substances, 
hence a number of transformations were necessary to determine its struc¬ 
ture. This was finally established by relating it to 1,5-diphenyl furane. 
The successive steps are shown by the following formulas : 


CJbCHBrC = CC,Hi 


> 


CsHjCHC — CC«H, 


I 


CH»COO 

CH — CC*H, CH — CCJb 

CJbCOC — CCtHi CtHiCC — CC,H, 


> 


HON 


CH — COH, 


> 

CCrf 

:c,h, 

> 


CH — CCtHi 


CJi.CHOHC — CC*Hj 

• I > 

CH — CC*H, 
C«H k NHCOC — CCJH, 

> 


CH — CC«Ht 


HOjCC — CC«H» 

^ I > 


CH — CC«Hi 


CH 

CH 


-CCtfl, 

> 


-CCrfb 
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The cyclopropane derivative acts smoothly with phosphorus penta- 
chloride under die conditions that have been found most favorable for 
the corresponding reaction with unsaturated ketones The products 
to be anticipated are represented by the following formulas, of which the 
first represents the compound that would be expected if the ring is not in¬ 
volved, and the others the substances that might be formed by a reac¬ 
tion like that which Straus 1 obtained with benzal-acetophenone. 

C.H.CH—CHCCX^H. C«H,CHC1CHCH - CC1C.H, C.H,CHC-CC1QH, 

a). \/ (in. I an). ; 

CHCChCtHi COC»Ht CHC1COCJB* 

Only one product was obtained. For this the first formula could be 
discarded at once, for the substance has nothing in common with keto- 
chlorides of this type; it is not affected by water nor by prolonged boiling 
with alcohol. 

Each of the remaining formulas represents a dichloro compound, con¬ 
taining one active, and one inactive chlorine. In agreement with this 
the substance readily loses one molecule of hydrogen chloride when boiled 
with excess of potassium acetate. The possible formulas for the new sub¬ 
stances are, 

(IV) C«H,CH - CCH - CC1C*Hi (V). CJI.C — C - CCICJh 

! and !l 

COC*H» CHCOC.H, 

It is not at all easy to distinguish between these two formulas. Each 
of them represents an a.fi-unsaturated ketone, a halogen compound with 
an unreactive halogen, and a butadiene derivative which on oxidation with 
permanganate would in all probability give only potassium benzoate and 
potassium chloride. As the most promising way out of the difficulty 
we decided to treat the substance with phenyl magnesium bromide. A 
reaction between an unsaturated ketone such as is represented by For¬ 
mula IV, and any organic magnesium compound should consist in 1,4 
addition to the conjugated system, the final product being a more satura¬ 
ted ketone. The ketone represented by Formula V, on the other hand 
should give a tertiary alcohol because the two substituents in the 0 posi¬ 
tion hinder 1,4 addition to the conjugated system. The substance in 
question gave an excellent yield of ketone. The cydopropane deriva¬ 
tive therefore reacts with phosphorus pentachloride exactly like an a ,/3 
unsaturated ketone, the ring taking the place of an ethylene linkage. 

CdhCH — CHCOC,H, CdbCHClCHCH - CC1C.H, 

\ / + PCb - I + POCU. 

CHCOOH, COCJI, 

The product obtained by adding bromine to the cydopropane derivative 
presented the most difficult problem of all and we have not as yet found 
a completely satisfactory solution. The only possible formulas are: 

1 4 *«., 394,390 (191*). 
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C»H t CHCHBrCOC«H« CJJ.CHBrCHCOC^t. 

I t 

CHBrCOC*Hi CHBrCOUH. 

The first represents the dibromo compound used in one of the methods 
of preparation of the cyclopropane derivative. With potassium acetate 
it gives either a bromocydopropane derivative or the corresponding 
acetate, depending upon the amount of acetate used. 

C,H*CHCHBrCOC 4 H i C«H 4 CH — CHCOCjH. C*H,CH — CHCOCJJ, 

I —► \/ -► \/ 

CHBrCOC,H s CBrCOOH. CH.CO — OCCOCJh 

The new dibromo compound gives the same cydopropane derivative 
with potassium iodide or zinc, and as it also gives the same products with 
potassium acetate the two substances therefore may be stereoisomers. On 
the other hand a substance such as is represented by Formula II could 
very well give the same products, and as we never obtained both sub¬ 
stances in the same reaction, nor were able to transform either into the 
other, stereoisomerism seems improbable. 

The bromo compound obtained by the action of potassium acetate 
on the dibromide is one of the very few known cyclopropane derivatives 
which have bromine in combination with a carbon atom of the ring. All 
efforts to remove another molecule of hydrogen bromide and thus get a 
cydopropene derivative were unsuccessful. The bromine is easily re¬ 
placeable, but it is not possible to get the corresponding hydroxyl com¬ 
pound either by hydrolysis of the bromine derivative with bases or the 
corresponding acetate with adds. 

Evidently the hydroxyl compound rapidly undergoes a rearrangement 
similar to that which has balked all previous attempts to get hydroxy 
cydopropanes. With alkalies the bromo compound gave only yellow 
oils, which appeared to be diketones, while hydrolysis of the acetate with 
alcoholic hydrochloric add gave a furane derivative. 

C»HiCH — CHCOCjHj CJI,CHCH,COC,H, CH — CC*H, 

\/ -* I 

C(OH)COC»H, COCOC»H, 

C«HiC = C — COC*H» 

Experimental Part. 

The benzal-diacetophenone with which we started was made accord¬ 
ing to the directions given by Kostanecki.' The average yield of pure 
product was 50%. The diketone reacts with bromine a little above the 
ordinary temperature, giving tither a monobromo or a dibromo substi¬ 
tution product. The result depends largdy upon the amount of bromine 
used; but both of the bromine compounds are sensitive substances which 
in contact with solutions containing hydrobromic add chang e into un- 
crystallizable gums that materially decrease the yield. 

1 Btr., 2 9, 1493 (1894)- 
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a,7,«-Triphenyl-/S-bromo-pentanedione-«,e,; C«H s COCHBrCH(C«H*)- 
CH*COC«Hs.—To a warm solution of 50 g. of benzaldiaoetophenone in 
50 cc. of chloroform, 8.3 cc. of bromine was added while the flask was 
cooled with tap water. The chloroform was immediately evaporated 
under reduced pressure, great care being taken to avoid heating the resi¬ 
due. The greenish yellow paste that remained was dissolved in boiling 
alcohol and deposited a colorless solid, which was purified by recrystalKza- 
tion from the same solvent. The yield of pure product was 46%. 

Calc, for Cj|H,jBr 0 2 Br. 19.6 Found- 19.7. 

The monobrotno compound melts with decomposition at 13 r°. It is 
almost insoluble in ether and ligroin, moderately in boiling alcohol and 
benzene, and very soluble in chloroform. 

dr,y,<-TriphenyWl, 5 -dibromo-pentanedione-a,e, CnH s COCHBr(C»Hj)- 
CHBrCOQHs.—The dibrotno compound was made exactly like the mono- 
bromo compound except that twice as much bromine was used with the 
same amount of ketone. The solvent was allowed to evaporate spon¬ 
taneously and the residue recrystallized from alcohol. 

The yield of pure product was 69%. Since some of this substance 
is formed whenever the diketone is brominated it was found advantageous 
to combine the preparation of the mono- and dibromo compounds. For 
' this purpose 8 cc. of bromine was added gradually to a solution of 50 g. 
of the diketone in 50 cc. of chloroform. The cooled solution was inocula¬ 
ted with the monobromo compound and allowed to stand for several 
hours, dining which time the mono derivative separated. This was fil¬ 
tered off and the filtrate treated with 2 cc. of bromine. The dibromo 
compound crystallized from the solution. The yield by this method 
was 47.5 g. of mono- and 12.5 g. of dibromo derivative. The dibromo 
compound melts with decomposition at 149 0 . It is very sparingly solu¬ 
ble in ether and ligroin, moderately in boiling alcohol, readily in benzene 
and chloroform. 

Calc, for CuHitOt.Bri: Br, 32.8. Found: 32.9. 

i ,2-Dibenzoyl-3-phenyl-cyclopropane, C.HsCH—^CHCOC,Hr. —A num- 

CHCOCJh 

ber of reagents eliminated hydrogen bromide from the monobromo com¬ 
pound; as all of them gave the same product and since this was insensi¬ 
tive to alkalies, we generally used sodium ethylate. A solution of 1.75 g. 
of sodium in 50 cc. of alcohol was added to a boding solution of 25 g. of 
the monobromo compound in 300 cc. of the same solvent. The reaction 
went to completion without further heating. The solution deposited 
18 g. of crystalline product which gave 15 g. of pure cyclopropane deriva¬ 
tive after recrystallization from alcohol—a yield of 75%. 

Calc, for CnHuOi: C, 84.6; H, 5.6. Found: C, 84.3; H, 6.0. 
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The cyclopropane derivative crystallizes in needles and melts at n6°. 
It is slightly soluble in ether, moderately soluble in boiling alcohol, cold 
benzene and chloroform. Its solutions in acetone reduce permanganate 
only on long standing. 

AH isomeric cyclopropane derivative was obtained by eliminating bro¬ 
mine, from the dibromo compound. A solution of three g. each of the 
dlbromo compound and potassium iodide in 150 cc of alcohol was heated 
an a steam bath for 4 hours. The liquid, which had turned brown after a 
fear minutes’ boiling, was then cooled and freed from iodine by shaking 
with thiosulfate. On evaporation it deposited a yellow solid which be¬ 
came colorless when recrystallized from alcohol. The melting point of the 
pure compound was 151° The same substance was obtained by boiling 
nn alcoholic solution of the dibromo compound with zinc dust for 25 min¬ 
utes, but it was impossible to remove all of the bromine without reducing 
some of the cyclopropane derivative. The yield therefore was small. 

Calc, for C»HuOj: C, 84.6; H, 3 6 Found C. 84 2, H, 5 6 

The substance is slightly soluble in ether, moderately in boiling alco¬ 
hol, readily in benzene and chloroform. When recrystallized from alco¬ 
hol containing 1% sodium hydroxide it passes quantitatively into the 
isomer which melts at ri6°. 

The Monoxime.—The two isomeric cylcopropane diketones give the' 
same mono- and diaxime. For preparing the monoxime a solution of 2.7 
g, of sodium hydroxide in 5 cc. of water was added to a solution of 5 g. 
of the cyclopropane derivative and 1.1 g. of bydroxylamine hydrochloride 
in 100 cc. of alcohol. The mixture was boiled for three hours, then neu¬ 
tralized with hydrochloric acid. On cooling, it deposited white crystals 
which after one recrystallization from alcohol melted sharply at 144". 
The yield was 82%. 

Calc, for CoHuOit C. 80.9; H, 5.6. Found C, 80.7, H, 5 3 

The monoxime is sparingly soluble in ligroin and ether, more readily in 
boiling alcohol, benzene and choroform. 

The Di-oxime. —The di-oxime was made like the monoxime but more 
than twice the amount of hydroxylamine hydrochloride and potassium 
hydroxide were used for the same quantity of cyclopropane derivative. 
The product was purified by recrystallization from alcohol. The yield 
of pure product was 71%. 

Calc, for CnHioNtQt: C, 77 5; H, 3.7; N, 7.9. Found- C, 77,9, H, 60, N, 7.7. 

The di-oxime crystallizes in needles, and melts at 175°, it is sparingly 
Soluble in organic solvents except benzene, chloroform, and boiling alco¬ 
hol. 

Reduction of i,2~Dibenzoyl-3-phenyl-cylopropane.— In the first ex¬ 
periment the substance was boiled with excess of zinc dust in 80% acetic 
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add. The sole product was triphenyl-cydopentane did, melting at 147 °. 
This remit showed that the cyclopropane ring had been opened between 
the benzoyl groups and a new ring closed, but did not establish the order 
of these events. The experiment was therefore repeated without the use 
of add. A solution of 2 g. of the substance in 60 cc. of 85% alcohol was 
boiled with excess of zinc dust for an hour. The solution was then fil¬ 
tered and poured into water. This precipitated an oil which soon solidi¬ 
fied. After recrystallization from alcohol the solid melted at 85°, and a 
mixed melting point showed that it was benzal-diacetophenone. 

Reaction with Halogen Acids.—In alcoholic solution the cyclopropane 
derivative is not attacked either by hydrochloric or hydrobromic add. In 
glacial acetic add, hydrobromic add, in the cold, forms a furane deriva¬ 
tive which has bromine in a side chain. Since the cydopropane deriva¬ 
tive is not affected by boiling with glacial acetic add alone it is evident 
that the first step consists in addition of hydrobromic add and that the 
resulting product, as is usual in the case of 1,4-diketones, subsequently 
loses water and forms the furane derivative. 

2.5- Dipheztyl-4-(«-br<Knobenzyl)-furane, C*H»CHBr— C c —C*H». — 

I > 

CH — C —CJ3U 

A solution of 5 g. of the cydopropane derivative in 50 cc. of glacial acetic 
add was saturated with hydrogen bromide. The solution gradually 
tamed green, and while standing overnight deposited 5.2 g. of a greenish 
yellow solid. This was purified by recrystallization from glacial acetic 
add. 

Cak. for C»HjiOBr' C, 70.9; H, 44; Br. 20.j Found: C, 70.5; H, 3.9; Br, ao.j. 

The bromo compound crystallizes in greenish yellow prisms and melts 
at 1 to°. It is sparingly soluble in ether, moderatdy in ligroin, readily in 
benzene and chloroform. It is a reactive substance; the halogen is readfly 
replaced by hydroxyl, acetyl, and other groups, and its solution in acetone 
reduces permanganate at the ordinary temperature. 

2.5- Diph enyl-4 - (or-ac e toxylbenzyl)f urane, C»h,ch —c —* c—C«H j. — 

CHjOC — O | )>° 

CH — C—C«H, 

A solution of 3 g. of the bromo compound and 6 g. of potassium acetate in 
ao cc. of glacial acetic add, was heated to near the boiling point for half 
an hour, then cooled and poured into water. This precipitated a white 
• aohd, which after purification from alcohol melted at 84°. 

Calc, for ChHmOi C, 81.3; H, 34. Found: C. Sa.i; H. 5.3. 

The acetate crystallizes in yellow needles. It is moderately soluble in 
alcohol and in ether, readily in benzene and chloroform. Its solution in 
acetone reduces permanganate. 
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2,5-Diphenyl-4-(af-hydroxybenzyl)furane, C.HiCHOHC == c — C.H.,— 

! > 

CH = C — C«H» 

The hydroxyl compound was formed both when the bromo compound 
was hydrolyzed with sodium alcoholate and when the acetate was hydro- 
' lyzed with alcoholic hydrochloric add. A solution of sodium methylate made 
by dissolving one g, of sodium in 25 cc. of methyl alcohol was added to a 
hot solution of 5 g. of the bromo compound in 100 cc. of alcohol. The 
mixture, which was not heated further, gradually deposited 4 g. of the 
hydroxyl compound, a quantitative yield. A solution of 2 g. of the ace¬ 
tate in 50 cc. cf alcohol containing 3% of hydrochloric acid was boiled 
for 4 hours. On cooling it deposited the same hydroxyl compound which 
had been obtained in the alkaline hydrolysis. 

Calc, for CmHuOj: C, 84 7; H, 5.5. Found: C, 84.4; H, 6 o 


The substance was purified by recrystallization from alcohol. It 
crystallizes in needles, melts at 105 and is moderately soluble in 
ether and boiling alcohol, readily in chloroform. Its solution in acetone 
reduces permanganate. Boiling glacial acetic acid converts it into the 
acetate melting at 84°. Oxidation with potassium permanganate gave 
benzoic add and oils, but chromic add in gladal acetic acid resulted in 
a crystalline product. For the purpose of oxidation 3 g. of chromic anhy¬ 
dride was added to a cold solution of 5 g. of the hydroxyl compound in 
gladal acetic add. As the solution warmed up the temperature was con¬ 
trolled by cooling under the tap. The mixture was allowed to stand over¬ 
night, then diluted with 100 cc. of water and digested on a steam bath in 
order to coagulate the oil which was predpitated. The aqueous layer was 
decanted, the oil washed with water, and dissolved in methyl alcohol. The 
solution yielded a solid which, after a few recrystallizations from the 
same solvent, melted at 89°. The yield was 2.4 g. 

The analyses of this substance gave variable results until it was dis¬ 
covered that it readily loses water. The loss in weight on drying at 1 io° 
was 4.9%. Analyses of the dried material gave the following results: 

CaJc. for Cj»H«Os C, 80.7: H, 5.3. Found. C, 80,7; H, 5.5. 

Calc, for CoHioOt: HiO, 5.0; m. w. 360. Found. H 2 0 , 4.7; m w 340 


The substance to be expected in this oxidation is benzoyl-diphenyl- 
furane. 


C,HsCHOHC = C — C»Hi 

^)>0 + 2O - 

CH = C — CtHt 


C*HjCOC ===== C — C 8 Hs 

> ■ 
CH =C — C.H, 


The product actually isolated differs from this by 2 molecules of water. 
One of these is held very loosely as it is lost when the substance is heated 
to no 0 . The other is removed when the substance is boiled with alco- 
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holic potassium hydroxide, hydrochloric add in methyl alcohol, or acetic 
anhydride and sodium acetate. As all of these reagents have the power 
of transforming i,4-diketones into furane derivations, it is possible that 
the furane ring is opened during the oxidation and that the product is a 
triketone which crystallizes with one molecule of water. 

C*H,CHOHC ===== C — C.H, CiH,COCHCOChH, 

| )>0 + 2 0+H,0= CH,COCJfc.H,o' 

CH — C — C«H, 

It seems quite as likely, however, that during the process of oxidation 
the furane derivative combines with two molecules of water and forms a 
tetrahydro furane derivative. As the purpose of the oxidation was to 
determine the structure of the hydroxyl compound this matter was not 
investigated further. 

3.5- Diphenyl-4-benzoyl-furane, C*H,COC = C — C.H,.—A solution of 

I > 

CH » C — CJh 

4.5 g. of the oxidation product in 45 cc. of methyl alcohol was boiled with 
4 g. of potassium hydroxide for 4 hours. A yellow oil separated during 
the process and increased in amount when the solution was allowed to 
stand for some time at the ordinary temperature. This was washed and 
dissolved in methyl alcohol. The solution gave 1.2 g. of yellow needles. 
The aqueous layer was carefully examined for sodium benzoate, but none 
was found. 

Calc, for CaHitOi' C, 85.2; H, 5.0. Found: C, 84.8. 84.7; H, 5.0, 5.2. 

The same benzoyl derivative was obtained when the oxidation product 
was boiled with acetic anhydride containing a trace of sodium acetate, 
and with methyl alcoholic hydrochloric add. It is moderately soluble in 
boiling alcohol, readily in ether, benzene and chloroform. 

3.5- Diphenyl - 3 - bromo - 4 - benzoyl-furane, C«H»COC = C—C»H..— 

> 

CBr = C — Gfli 

Diphenyl-benzoyl-furane, in chloroform solution, was treated with a 
very little more than the calculated amount of bromine. The chloro¬ 
form, on evaporation, left a pale yellow solid. This, after crystalliza¬ 
tion from alcohol, melted at 120°. 

Calc, for CnHitO,: C, 65.5; H, 4.0. Found: C, 65.7; H, 3.7. 

The bromo compound crystallizes in yellow needles. It is moderately 
soluble in cold alcohol, readily in hot alcohol, ether and chloroform. The 
bromine is quite unreactive. The substance was boiled in alcoholic solu¬ 
tion with potassium acetate for 10 hours, with potassium hydroxide for 4 



E. P. KOHLER AND W. N. JONBS. 


1258 

hours, and with sodium methylate for 3 hours, and in each case recovered 
unchanged. 

The Oxime of 2,5-Diphenyl-4-benzoyl-furane, C«H 6 C — c =C — C«H». 

HON | )° 

CH = C —C,H, 

—The oxidation product was boiled with methyl alcoholic potassium hy¬ 
droxide for 4 hours in order to insure complete conversion into diphenyl- 
benzoyl-furane. Hydroxylamine was then added to the solution and the 
boiling continued for two hours more. Most of the alcohol was distilled 
off and the residue poured into water and the solution neutralized with 
hydrochloric add. The resulting solid was purified by crystallization 
from alcohol. 

Calc, for CkHitOjN: C, 81.4; H, 3.0 Found. C, 81 8; H, 5.4 

The oxime crystallizes in rosets of needles and melts at 174 0 . It is 
slightly soluble in ether, moderately in boiling alcohol, readily in benzene 
and chloroform. 

2.5- Diphenyl-furane-carboxanilide, C.HtNHCOC ===== C — C»H S . — The 

! >' 

CH = C 

oxime readily undergoes the Beckmann re-arrangement to the corre¬ 
sponding anilide. A suspension of 5 g. of the oxime and 7.5 g. of phos¬ 
phorus pentachloride in dry ether was allowed to stand at the ordinary 
temperature overnight. The ether was then distilled off and the residue 
decomposed with ice water. The solid was washed until free from phos¬ 
phorus compounds, and recrystallized from alcohol. 

Calc, for CjjHnOaN- C, 81 4; H, 5 o Found - C, 81.4; H, 5.1 

The anilide crystallizes in colorless needles and melts at 187°. It is 
slightly soluble in ether and alcohol, moderately in hot benzene, readily 
in chloroform. 

2.5- Diphenyl-furane Carboxylic Acid-4, H °aC — C = c — C«Hi. —a 

> 

CH = C — C,H„ 

solution of 4 g. of the anilide and 15 g. of potassium hydroxide in 50 
cc. of alcohol was boiled for 10 hours. The alcohol was then distilled off 
and the residue distilled with steam as long as aniline could be detected 
in the distillate. This left a solid which was almost completely soluble in 
400 cc. of water. After filtration to remove a small quantity of resin, 
adds predpitated a colorless solid, which was purified by recrystalliza¬ 
tion from alcohol. It melted at 217 °. 

Calc, for CnHuOj. C, 77.3; H, 4.5. Found: C, 77.0; H, 4.6. 

The add has both the composition and the melting point of the 2,5- 
diphenyl-furane-carboxylic add-3 described by Paal and Lapf, Perkin, 
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and Thiele. In order to complete its identification it was distilled with 
zinc dust. The product was 2,5-diphenyl-furane—identified by a mixed 
melting point, using a specimen on hand. 

Reaction with Grignard Reagents, i,2-Diphenylcarbinyl-3-phenyl- 
cyclopropane, C«H S CH — CHCfC«HJ 2 OH. —An ethereal solution of phenyl 

CHC(C(,H s );OH 

magnesium bromide was made from 7.59 g. of magnesium in the usual 
way. The solution was cooled in a freezing mixture, treated with 20 g. 
of the cyclopropane derivative, which was added in small quantities as a 
fine powder. The mixture was allowed to stand at the ordinary tempera¬ 
ture for several hours, before it was decomposed with iced acid. The 
ethereal layer, on evaporation, left a solid imbedded in a pasty oil. Re¬ 
crystallization from alcohol gave a solid, crystallizing in clusters of fine 
needles melting at 183°. The yield was 42%. 

Calc for CjsH,(0- C, 87 1, H, 63 Found C, 873,}!, 64 
The composition of the product shows that it was formed as a result 
of the combination of one molecule of cyclopropane derivative and two 
of phenyl magnesium bromide In order to determine whether either of 
the latter had been taken up in the 1,4 position, giving an open chained 
ketone, 1 5 g of the substances was added to a large excess of ethyl 
magnesium bromide There was free evolution of ethane. The resulting 
magnesium derivative, treated in the usual way, yielded only unchanged 
substance This, therefore, is not a ketone, but a ditertiary alcohol, 
showing that the phenyl magnesium bromide had not attacked the ring. 

i,2-(a-Phenyl-a-ethyl-carbinyl)-2-phenyl Cyclopropane, 

C«HsCH — CHCfC 4 i»HC»H. 10 H, was obtained when the cyclopropane 

CHC(CcHiHC,Hj)OH 

derivative was treated with ethyl magnesium bromide and the product 
isolated in the usual way. It was purified by recrystallization from 
ligroin. It melts at 129° and is moderately soluble in ligroin, ether, and 
alcohol; very soluble in acetone. The yield was 35%. 

Calc for C.7 H,oO» C, 83 9, H, 7 9 Found C, 83 5; H, 7 8 
Reaction with Phosphorus Pentachloride, 1,4-Diphenyl-i ,4-dichloro- 
3-benzoyl-butene-4, C.IbCHCl—CH(COC,H 5 )CH = CCIC.H*.—A solu¬ 
tion of io g. of the cyclopropane derivative and 6 4 g. of phosphorus 
pentachloride in 30 cc. of dr)' benzene was boiled for 10 hours, cooled and 
poured on cracked ice. The benzene layer was separated, washed until 
free from phosphorus compounds, dried, and evaporated under reduced 
pressure. It left an oil, which was dissolved in alcohol. The alcoholic 
solution slowly deposited a solid which after two recrystallizations from 
the same solvent showed a constant melting point of 122 0 . 
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Calc, for CsjHisOCIj: C, 72.5; H, 4.7; Cl, 18.6. Pound: C, 72.3; H, 4.8; Cl, 18.7, 

The substance is sparingly soluble in ether, moderately in hot alcohol, 
readily in benzene and chloroform. It was not affected by boiling with 
water and it was recovered unchanged after it had been boiled for 10 
hours with a 3% solution of hydrochloric add in methyl alcohol. It is 
therefore not a ketochloride formed by repladng the oxygen of one of the 
carbonyl groups with 2 atoms of chlorine. 

1.4- Diphenyl-2-beuzoyl'4-chloro-butadiene, CsHsCH = C(COC«Hj)- 
CH = CClCeHb-—A solution of 10 g. of the dichloro compound and 30 g. 
of anhydrous potassium acetate in 150 cc. of dry methyl alcohol was boiled 
for 10 hours. Most of the alcohol was distilled off, and the residue di¬ 
luted with water. This predpitated an oil which soon solidified. The 
solid was thoroughly washed with water and then recrystallized from 
alcohol. 

Calc, for CaHnOCl: C, 80.1; H, 4.9. Found: C. 80.0; H, 5.0. 

The substance crystallizes in colorless prisms and melts at 84°. Its 
solution in acetone reduced permanganate, giving benzoic add as the only 
organic product. 

1.1.4- Triphenyl-2-benzoyl-4-chloro-butene-3, (C«H 6 )jCHCH(COC«Hs)- 
CH = CC 1 C 6 Hs.—A n ethereal solution of phenyl magnesium chloride con¬ 
taining 2 g. of magnesium was prepared in the usual way and cooled in a 
freezing mixture. To it was added 5 g. of the unsaturated chloroketone in 
small quantities, and as a finely powdered solid. Each addition produced 
a yellow color which quickly disappeared again. The mixture was poured 
into iced add as soon as all of the substance had been added. The product, 
isolated in the usual way, and purified by crystallization from alcohol, sepa¬ 
rated in large, colorless prisms which melted at 140°. 

Calc, for CjiHnCIO: C, 82.4; H, 5.4. Found: C, 82.1; H, 5.7. 

In order to determine the presence or absence of a hydroxyl group, the 
substance was added to ethyl magnesium bromide. It reacted vigorously, 
but no evolution of gas accompanied the reaction and no unchanged sub¬ 
stance was recovered when the magnesium derivative was addified. 
The product is therefore a ketone formed by 1,4-addition, and not a ter¬ 
tiary alcohol such as would be obtained by addition of phenyl magnesium 
bromide to a carbonyl. 

Action of Bromine on the Cyclopropane Derivative. —Bromine reacts 
with the substance very readily but it is difficult to confine the reaction 
to the first step. In order to get a crystalline product it was necessary 
to use small quantities of material. A solution of 2 g. of the substance 
and 0.33 cc. of bromine in 4 cc. of chloroform was warmed for a few sec¬ 
onds to start the reaction. As soon as the color of the solution had dis¬ 
appeared, 50 cc, of alcohol was added to prevent further change. The 
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product was a mixture, but repeated recrystallization from alcohol re¬ 
sulted in a pure substance which melted with decomposition at 129 0 . 
Calc, for C»Hi»OjBrj' Br, 32.9. Found: Br, 32.9. 

The substance is isomeric with the a,y-dibromo compound obtained by 
direct bromination of benzal-acetophenone. With potassium iodide it 
gave the same cyclopropane derivative that was obtained from the a,y- 
dibromo compound, and both substances also gave the same monobromo 
compound with potassium acetate. 

The possible formulas of the addition product are therefore 
CiH»CHBrCOC*H[ C,H,CHBrCHCOC«H, 

| and | 

CHBrCOCiHi BrCHCOCeH, 


The first formula represents a stereoisomer of the compound, obtained by 
direct bromination; the second a structural isomer formed by opening the 
ring between carbon atoms 1 and 2. Both the known a,7-compound 
and the substance under consideration first lose hydrogen bromide when 
treated with any reagent capable of replacing bromine. Since both give 
the same product when hydrogen bromide is removed, the only method 
available for distinguishing between them was to transform them into 
furane derivatives with acid reagents. This was tried with alcoholic 
hydrogen bromide, and also with acetic anhydride; but both substances 
gave only oily products. 

i,2-Dibenzoyl-2-bromo-3-phenyl-cyclopropane, C«H S CH — CHCOC*H,.— 

BrCCOCoHi 

A solution of 10 g. of the a,7-dibromo compound in 200 cc. of absolute 
alcohol was treated with 2.2 g. of potassium acetate and 5 g. of precipi¬ 
tated calcium carbonate, and the whole boiled for 4 hours. The mixture 
was then poured into water. This precipitated a solid which was re- 
crystallized from alcohol. The yield was 4 g., or 47%. 


Calc, for CuHijOjBr. C, 68.i, H, 4.2, Br, 19 7. Found. C, 68 1; H, 4.4; Br, 19.7. 

The substance crystallizes in needles and melts at 122 °. It is sparingly 
soluble in ether and cold alcohol, moderately in boiling alcohol. Our 
attempts to remove another molecule of hydrogen bromide from this sub¬ 
stance and thus get a cyclopropene derivative were unsuccessful. Alka¬ 
lies gave only oily products and potassium acetate replaced bromine 
with acetyl, 

i,3-Dibenzoyl-2-acetoxy-3-phenyl-cyclopropane t C.H.CII —^CHCOCrfi». 

CHjCOO — C — COC.H, 

—A solution of 10 g. of dibromo compound in 200 cc. of absolute alcohol 
was treated with 10 g. of fused potassium acetate and 5 g. of precipitated 
calcium carbonate. The mixture was boiled for 4 hours, then filtered while 
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hot and allowed to crystallize. The product was purified by recrystalliza- 
tion from alcohol. 

Calc, for CjAaCh: C, 78.1; H, 5.2. Found C, 77 - 7 ; H, 5.9. 

The substance melts at 159 0 . Its solution in acetone very slowly re¬ 
duces permanganate. An attempt to get the corresponding hydroxyl 
compound failed; alkalies led to unmanageable oils while acids resulted 
in the formation of a furane derivative. 

2-Benzoyl-3,5-diphenyl-furane, CH = C — CA .—Twelve cc. of 

> 

C ( HiC == C — COCA 

cone, hydrochloric acid was added to a solution of 10 g. of the acetoxy 
compound in 80 cc. of alcohol. The mixture was boiled for 4 hours. 
On cooling it deposited a pink colored solid in fine plates. The pink- 
color disappeared on recrystallizaticn from alcohol, which yielded color¬ 
less plates melting at 118 0 . 

Calc, for CmHuO>: C, 85.2; H, 5 1, m, w. 324. Found. C, 85 o; H, 4.9; m. w. 329. 
The furane derivative is sparingly soluble in alcohol, readily in benzene 
and chloroform. It has one hydrogen that is replaceable by bromine. 
With excess of hydroxylamine it forms only a monoxime even on pro¬ 
longed boiling. It therefore contains but one carbonyl group—proof 
that it is a furane derivative and not the isomeric cyclopropane. Nascent 
hydrogen attacks the benzoyl group and reduces it to a benzyl group with¬ 
out either opening or saturating the ring. 

2-Benzoyl-4-bromo-3,5-diphenyl-furane, BrC = C — CA .—a solu- 

1 > 

CAC = C — COCA 

tion containing 5 g. of the furane derivative and 2.5 g. of bromine was 
gently warmed until the color disappeared. The solution on evaporation 
left the bromo compound as a colorless solid which, after rccrystalliza- 
tion from alcohol, melted at 110°. The bromine is completely inactive, not 
a trace of silver bromide being formed on protracted boiling with silver 
acetate. 

Calc, for CuHuBrO' C, 68.4; H, 3 7; Br, 19.8. Found C, 68.1; H, 3 9; Br, 199. 

2-Benzyl-3,5-diphenyl-furane, HC = C — CA. —A solution of 4 g. 

I > 

CAC = CCHiCA 

of benzoyl-diphenyl-furane in 50 cc. of glacial acetic acid was heated on a 
steam bath and treated with 5 g. of zinc dust in small portions. A yellow 
solid separated during the process and a viscous yellow oil was precipi¬ 
tated when the solution was poured into water. Both the solid and the 
oil were dissolved in boiling acetone. On addition of alcohol to the hot 
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solution, the product separated in bright yellow needles melting at 193°. 
The mother liquors contained unchanged substance. 

Calc, for CuHnO: C, 89.3; H, 5.8. Found: C, 89.3, H, 6.r. 

The substance is very sparingly soluble in all solvents except hot ace¬ 
tone and hot chloroform. 

The O xim e of benzoyl-diphenyl-furane was made by boiling an alcoholic 
solution of 4 g. of the ketone, 4 g. of hydroxylamine hydrochloride, and 5 
g. of potassium hydroxide for 4 hours. Most of the alcohol was distilled 
off and the residue poured into water. The resulting solid, after recrys¬ 
tallization from ethyl alcohol, melted at 152 

Calc, for CuHuOiN: C, 81.4; H, 5. Found: C, 81.1; H, 5 2. 

The oxime crystallizes in needles. It is insoluble in water, moderately 
soluble in alcohol, readily in ether. 

3,5-Diphenyl-furane Carboxaniiide-2, CH = c — C,H„ , —For 

I > 

CtHiCH - C — CONHOH. 

the purpose of rearranging the oxime an ethereal solution of the substance 

was allowed to stand in contact with excess of phosphorus pentachloride 
for several hours and then cautiously decomposed with ice water. The 
resulting oil, after thorough washing with water, was dissolved in alcohol. 
It separated in colorless needles melting at 143°. 

Calc, for CnH.jOjN, C, 81.4; H, 5 o. Found: C, 81.1; H, 5.Z. 
3,5-Diphenyl-furane Carboxylic Acid-2, CH — C — C,h» .— The ani- 

I /* 

CiHsC = C — COOH 

lide was hydrolyzed by prolonged boiling with alcoholic potassium hy¬ 
droxide, and the resulting add recrystallized from alcohol. 

Calc, for CuHuO,. C, 77.3; H, 4,5. Found' C, 77.7; H, 4.7. 

The add melted with decomposition, at 194 0 . When heated with zinc 
dust it gave 3,5-diphenyMurane which distilled without decomposition, 
crystallized in irridescent plates, that melted at 109°, gave a blue fluo¬ 
rescent solution in cone, sulfuric add, and was identical in every way with 
the a,y-diphenyl-furane described by Engler and Dengler. 1 

Cambridge, Maas 

1 Ber., 26, 1447 (1893). 
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ASYMMETRIC DYES. 
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Differential stains are among the most important aids employed in 
bacteriological and histological work. Although no definite relationship 
has been established between the chemical structures of dyes and their 
functions as vital stains, still we considered it a reasonable assumption that 
selective action in staining might be demonstrated if experiments were 
made with dyes representing great diversity in structure. In our search 
for evidence in support of this assumption we have found one racemic 
mixture upon which wool acts selectively, absorbing more of the levo 
than of the dextro form of the dye. 

The most exhaustive research in this field has been conducted by H. 
M. Evans , 1 who has reached the conclusion that staining in living tissue 
with benzidine dyes is a physical rather than a chemical phenomenon. In 
this opinion Evans is supported by Schulemann’ and others. 

In no instance recorded, however, has an optically active dye been em¬ 
ployed as a vital stain. Inasmuch as specificity in enzyme action is 
closely related to the asymmetric structure of the substrate, it seemed 
to us worth while to investigate the action of dyes having at least one 
asymmetric carbon atom in each molecule. We have, therefore, synthe¬ 
sized a group of asymmetric dyes and have made some preliminary ex¬ 
periments on dyeing with them. The results of these experiments, in¬ 
cluding partial resolution of a racemic dye with concomitant dyeing of 
wool, give some support to our theory, and the work is being repeated 
on a quantitative basis. No experiments have yet been made on living 
tissue. 

We desire to present in this paper only a description of the dyes syn¬ 
thesized. The dyes were derived from p-amino-benzophenone which was 
prepared from benzoyl chloride and phthalanilid in the presence of zinc 
chloride . 5 From this ketone several amino-diphenylalkyl carbinols were 
prepared by the Grignard reaction. The carbinol carbon was thus ren¬ 
dered asymmetric. p-Amino-benzohydrol‘ was prepared also by re¬ 
ducing the ketone in alcoholic solution by means of sodium amalgam. 
These amines were diazotized and coupled as indicated below. 

In preparing the alkyl derivatives of amino-benzophenone it is neces¬ 
sary to use an excess of alkyl magnesium iodide, for the reagent acts quan- 

i Evans, Sci., 39, 443 (1914). 

• Schulematm, Devi. Med. Woch., 40, 1839 (1914). 

• Dobner, Ann., 210, 260 (1881). 

• Kippenberg, Ber., 30, 1136 (1897). 
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titatively upon the amino group before the carbonyl group is attacked; 
and unless both parts of the molecule have been acted upon, the original 
ketone is regenerated by hydrolysis. The addition products formed be¬ 
tween the amino-benzophenone and alkyl magnesium iodide were hydro¬ 
lyzed by pouring into cold saturated solutions of ammonium chloride. The 
carbinols were obtained from the ether layer and recrystallized from hot 
ligroin. 

p-Amino-diphenylmethyl-carbinol. 

The compound was formed by the action of methyl magnesium iodide 
on p-amino-benzophenone. It is a colorless crystalline body melting at 
101 It appears among the reaction products as a red oil and crystallizes 
only when quite pure. It is soluble in alcohol, chloroform, acetone and 
in hot ligroin. The ligroin solution on cooling yields the crystals in the 
pure state. 

Calc, for C < H 1 C(OH)(CH,)C < H.NH, C, 78.87; H, 7.04, N, 6.58. Found- C, 
78.80; H, 7.14; N, 6.56. 

The corresponding ethyl derivative crystallizes in colorless plates melt¬ 
ing at 103 °. It dissolves in glacial acetic add from which it may be pre- 
dpitated by the addition of water. Crystallization from hot ligroin 
affords the best means of purification. 

Calc, for C*H,C(OH)(CiH,)C ( H,NH,. C, 79.25; H, 7.49; N, 6.17. Found: C, 
79.00; H. 7.52; N, 6.16. 

Diphenyl-methylcarbinol-p-azo-fi-naphthol. 

The amine described above was diazotized and coupled with fi-naphthol 
with the production of a red dye. The compound is soluble in hot alco¬ 
hol from which it crystallizes on cooling. It is soluble in the ordinary 
organic solvents and practically insoluble in water, dilute adds and alka¬ 
lies. It melts at 190°. 

Calc, for C,H,C(OH)(CH,)CJI,N = NCl»H i OH: C, 78.30; H, 544; N, 761. 
Found. C, 78.30; H, 5.40; N, 7.65. 

Diphenyl-methylcarbinol-p-azodimethyl-aniline. 

Success in preparing this dye depends largely upon the control of the 
hydrogen-ion concentration. Dimethyl-aniline hydrochloride was dis¬ 
solved in o. 1 IV hydrochloric add. The primary ami ne was diazotized 
in add of the same concentration to which an equivalent quantity of 
sodium acetate had been added. The dye has a deep red color in add 
solution and is yellow in alkaline solution It may be purified by crys¬ 
tallization from hot alcohol. M. p. 177 0 . 

Calc, for C»HiC(OH)(CHi)C«H, — N - N — C,H,N(CH,),: C, 76.48; H, 6.72; 
N, 12.17. Found: C, 76.40; H, 6.65; N, 12.15. 

Naphthol sulfonic add and naphthylamine sulfonic add derivatives were 
synthesized for the production of water-soluble dyes. Corresponding 
compounds were prepared from p-amino-diphenyl-ethylcarbinol and from 
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amino -benzhydrol. They are very much alike in properties, but vary in 
color from yellow to crimson. 

The first 3 compounds listed in this table constitute examples of alkali- 
insoluble phenols (naphthols). The insolubility of these dyes lends sup¬ 
port to the theory of Torrey and Kipper,' vie., that phenols are generally 
insoluble if in each molecule there is a long side chain ortho to the hydroxyl 
group and at least one other substituent in the ring. In this case the C4H4 
residue of the naphthalene constitutes the auxiliary substituent. The be¬ 
havior of these dyes in dilute alkalies is in harmony also with Adams’* 
more recent theory concerning the solubility of phenols. 

Bkriculgy. Cal. 


[CONTRIBUTION PROM THS CHEMICAL LABORATORY OP THE OHIO STATE UNIVERSITY.] 

THE OXIDATION OF ETHYL ALCOHOL BY MEANS OF POTAS¬ 
SIUM PERMANGANATE. 

By William Lloyd Evans and Jesse E. Day. 

Received May 22 , 

A preliminary report of a portion of the work included in this paper 
has already been made. 8 The influence of the alkali on the oxidation of 
organic and inorganic compounds by means of potassium permanganate 
has been studied by other early investigators (Margueritte, Pelouze, 
Bussey, Hempel and Berthelot) in addition to those mentioned in the 
preliminary article. 

Among the objects of this investigation were the following: (x) to ascer¬ 
tain what are the reaction products when ethyl alcohol is oxidized both in 
neutral and in alkaline potassium permanganate solutions under known 
conditions of temperature; (2) to study the effect of temperature, of 
change in the initial concentration of the alkali present, and their com¬ 
bined effect on the character of the reaction products; (3) to study the 
mechanism of the oxidation of ethyl alcohol under these variable condi¬ 
tions.* 

It has been definitely established that acetic acid is the only product 
obtained when ethyl alcohol is oxidized by an aqueous solution of potas¬ 
sium permanganate, but that acetic acid, oxalic and carbonic adds are 
also formed when the oxidation is conducted in the presence of potassium 
hydroxide the concentration being above certain minimum values (p. 
1282), Hep ter, 6 studying the action of potassium permanganate on 
organic compounds in add and alkaline solution, found that substances 
1 Torrey and Kipper, This Journal, 30, 840 (1908). 

5 Adams, Ibid ., 41, 247 (1919) 

* This Journal, 38, 375 (1916). 

•Ibid., 38, 377 (1916). 

5 Z. anal. Chem., 51, 409-29 (1912). 
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having an alkyl group were always oxidized by alkaline permanganate to 
the corresponding aliphatic add, carbon dioxide and oxalic add, and the 
results were dependent upon the temperature of the reaction mixture 
and upon the position which the intermediate oxidation substance occu¬ 
pied in its own homologous series. 

Barendrecht 1 determined alcohol in rather dilute solution by adding the 
alcohol to a boiling mixture of potassium permanganate and potassium 
hydroxide solutions/in which it is oxidized to carbon dioxide: CjHjOH + 
i2KMnO< + 12KOH —► i2K 2 MnO* + 9H2O + 2CO!. He noticed 
that the temperature was an essential factor in the complete conversion 
of the alcohol to carbon dioxide. 

Cochenhausen , 5 on treating acetone with potassium permanganate in 
solution with potassium hydroxide found that it was oxidized to acetic, 
oxalic and carbonic acids. Greifenhagen, Koenig and Scholl 5 estimated 
carbohydrates, polyhydric alcohols, the corresponding aldehydes, ketones, 
and polysaccharides by oxidizing them to oxalic and carbonic acid with 
alkaline potassium permanganate. Greifenhagen found that the forma¬ 
tion of oxalic acid and carbon dioxide was quantitative, and was dependent 
upon the alcohol, aldehyde and ketone groups. 

Witzemann 4 has investigated the character of the reaction products 
obtained by oxidizing acetone with potassium permanganate with vary¬ 
ing initial concentrations of alkali. His experimental results were simi¬ 
lar to those reported by us in our previous paper. 

Experimental Part. 

(a) Methods of Analysis.—The methods of analysis were the same as 
those described in our first paper, together with the following addenda. 

Oxalic Acid.—The acid was first precipitated as the calcium salt by the 
method previously described for its quantitative determination. The 
salt was then filtered, washed and finally dissolved in slightly more than 
its equivalent of dil. sulfuric add. On the addition of an equal volume 
of absolute alcohol the calrium sulfate was predpitated and removed. 
On spontaneous evaporation the free oxalic add crystallized out in the 
well defined needle form. This procedure cannot be quantitative because 
of the presence of the slight excess of sulfuric add. The purity of the 
product was checked by a melting-point determination. Another qualita¬ 
tive test for oxalic add was that contained in our preliminary paper.* 

An aliquot part of the solution containing the oxidation products was 
used to determine the oxalic add present as potassium oxalate. With 

1 Z. anal. Chem., 52, 167-72 (1913). 

5 J. prakt. Chtm., [2] 58, 451 (1898). 

5 Biochem. Z., 30, 131 (1910); 35, 169-193 (1911). 

4 Tms Journal, 39, 2657 (1917). 

* Ibid., 38, 378 (1916). 
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phenolphthalein as the indicator the sample was first slightly acidulated 
with 20% acetic acid boiled for a few minutes to drive off carbon dioxide, 
then made barely alkaline with ammonium hydroxide after which the 
oxalate was precipitated by 5% calcium acetate solution. The removal 
of the carbon dioxide was unnecessary but insured the absence of car¬ 
bonate in the calcium precipitate. After filtering and washing the calcium 
oxalate on purified asbestos in a Caldwell crucible, it was titrated against 
standard potassium permanganate solution in the presence of 5% sulfuric 
acid in the usual manner. The filtration, washing and titration of the 
insoluble oxalate, when carried out as described, were found to be more 
rapid and satisfactory than when the precipitate was collected and washed 
on a filter paper, dissolved by means of sulfuric acid and then titrated. 

Acetic Acid.—Methods were examined for the determination of this 
acid by the use of (1) hydrochloric acid, (2) sulfuric add, (3) potassium 
hydrogen sulfate, (4) simpy phosphoric acid, (a) distillation to approxi¬ 
mately complete dehydration under reduced pressure, (b) distillation at 
ordinary pressure and maintaining the volume being distilled at 75 cc. 

Some of these methods are discussed by Stilwell and Gladding, 1 par¬ 
ticularly (4a). Withrow and Fritz 5 have modified the method of Stil¬ 
well and Gladding according to (4 b). 

The following additional facts were observed relative to these methods 
and their bearing on this problem: When proceeding according to (1) 
it was found necessary' to add an excess of hydrochloric acid in order to 
sweep over the last portions of the acetic acid. By (2) and (3), sulfur 
dioxide was found present in the distillate, which introduced an apprecia¬ 
ble error when the amount of oxalic add in the oxidation solution was 
large. Carbon dioxide was preseut in the acetic acid distillate regardless 
of the method employed. When distilled with sirupy phosphoric add 
under reduced pressure as in (40), the solution of carbon dioxide in the 
condensate was avoided. Evans and Witzemann* have found that the 
loss of acetic add by use of suction, was negligible when the acetic add 
solution was very dilute. This was also the case in the experiments re¬ 
corded in this paper. The distillation was much expedited by pladng a 
second fractionating flask and a Kjeldahl connecting bulb between the 
distillation flask and the condenser, making it unnecessary' to cool the 
contents of the distilling flask in order to prevent spattering on the addi¬ 
tion of water to the hot mixture, as it was then extremely difficult for the 
phosphoric add to reach the receiving vessel. The addition of water was 
made at the ordinary pressure in order to avoid the foaming, which other¬ 
wise occurred when the amount of alkali on the original sample was large. 

1 This Journal, 4, 105 (1882). 

* Thesis by Howard Fritz of this laboratory. 

• This Journal, 34, 1091 (1912). 
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In (4ft) the total volume of the distillate was not constant in quantity, as 
it was dependent upon the amount of acetic add present in the sample. 
Inasmuch as the distillation was carried out at ordinary pressure, the car¬ 
bon dioxide liberated was present in the condensate. Dr. Homer B. 
Adkins (this laboratory) found that bubbling carbon dioxide-free air 
through the distillate removed the undesirable gas without seriously af¬ 
fecting the quantity of acetic acid contained in these solutions of con¬ 
siderable dilution. In the following experiments on alcohol the same 
method was employed in eliminating the carbon dioxide. The distillate 
from methods (4a) and (4b) was titrated with a standardized potassium 
hydroxide solution with phenolphthalein as the indicator. In each ex¬ 
periment a correction was made for the volatile acids contained in the 
amounts of phosphoric acid used. It was observed in making these dis¬ 
tillations that when the amount of potassium hydroxide present was 
large, a much greater excess of phosphoric acid over that required for the 
neutralization of the alkali, was necessary in order to completely expel 
the acetic acid, and also that the time required for the operation was de¬ 
creased thereby. 

(b) Chemicals Used in the Oxidation.—Absolute alcohol 1 was em¬ 
ployed in these series of oxidations. Additional tests with phenyl-hydra¬ 
zine and sodium hydroxide gave no turbidity, proving the absence of 
aldehydes. To obtain a pure product, commercial absolute alcohol 
was treated with calcium oxide in the customary way and then was 
stored with anhydrous copper sulfate in air-tight glass-stoppered bottles. 
In making up a standard solution sufficient alcohol (b. p. = 77.7 0 and 
77.8°, at 739 and 749 mm.; [djf = 0.7897; [d)| 5 = 0.7854) was dis¬ 
tilled from the copper sulfate to give a 2 M or 9.21% solution (92.096 g. 
anhydrous alcohol per liter of solution), having [d](° = 0.9830 and [d]*' = 
0.9817. These density values were referred to “Circular of the Bureau 
of Standards’’ No. 19, pp. 6 and 7, in order to get the per cent, by weight 
of alcohol present. An ordinary pyknometer (capacity about 60 cc.) 
was used in making these density determinations. All alcohol distilla¬ 
tions were made in glassware, with cork connections. 

Distilled water was aerated with carbon dioxide-free air for 5 to 6 hours. 
Carbon dioxide blanks were then run. One drop of o 1017 N potassium 
hydroxide solution gave a permanent pink color to roo cc. of the water 
containing one drop of phenolphthalein. 

The oxidizing power of the potassium permanganate was established 
by titrating samples of about 0.13 g. each in solution against standard 
potassium tetroxalate solution. It was found to have a value of 98.67% 
of that required by theory. 

1 Satisfying the requirements given in Merck, "Chemical Reagents, their Purity 
and Tests,” 1914 edition 
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A potassium hydroxide solution containing 340.8 g. per liter (1 cc. =* 
0.004 g. carbon dioxide) was prepared and kept in a stock bottle. 

(c) Apparatus and Manipulation.—Each oxidation which involved 
the addition of alkali was carried out as follows: The required amount 
potassium hydroxide solution was measured into a wide-mouth, 2-liter 
balloon flask, and made up to 1000 cc. with carbon dioxide-free water. 
When the alkalinity was less than 5.32 g. per liter (i). Table IV) about 
1100 cc. of solution was prepared and small portions were titrated against 
standard sulfuric acid, to avoid any error due to the extensive dilution 
of a small volume (o 14 to 8 5 cc.) of the potassium hydroxide stock solu¬ 
tion. 30 404 g. of crystallized potassium permanganate, equivalent to 
30 g. of 100% salt, was next introduced, and the flask immediately closed 
by a rubber stopper into which was fitted a mercury sealed glass stirrer, 
a 25 cc. pipet and a piece of ordinary glass tubing, for the oxidations 
carried out at 25 0 and 50°. For the series at 75 0 and 100°, in addition 
to the above, an ordinary condenser provided with a soda-lime guard- 
tube was attached through the stopper by means of two adapter tubes. 
The closed vessel was next clamped in position in a bath which was kept 
at the desired temperature. 

The thermostat bath was water for the 25 0 and 50 0 oxidations and 
paraffin for the 75° and ioo° series. Heat was supplied by a large size 
“El Boilo" immersion heater. The amount of current flowing through 
the heater was automatically controlled by means of a mercury-toluene 
regulator and a lamp rheostat of considerable range. The temperature 
was held constant to within o 15 0 . 

When the desired temperatures of the flask and bath were reached 
and with the reaction mixture constantly stirred, 9 21% alcohol solution 
was slowly added drop by drop from a buret, loosely stoppered at the 
upper end, attached to the small glass tubing, until the reduction of the 
permanganate was complete. The end-point w T as determined by draw¬ 
ing a portion of the reaction mixture into the pipet, where, after the pre¬ 
cipitated hydrated oxide or oxides of manganese had settled, the ob¬ 
servations could be made. The color desired before discontinuing the ad¬ 
dition of the alcohol in the case of the alkaline solutions was a very pale 
green, and in the neutral solutions was a delicate pink. This faint color 
was generally discharged within 24 hours through decomposition of the 
oxidizing agent. 

Approximately the same color changes were observed by Chapman 
and Smith 1 in both their alkaline and neutral solutions. They stated 
“that the alkaline solution rapidly becomes green, and for a considerable 
time no binoxide of manganese is deposited." while it came down at once 
from the neutral solution. They made no reference to the weak "alkaline 
1 Loc. tit. 
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solution. In solutions of high alkali concentration we found a light 
coat of the brown oxide of manganese on the surface almost immediately 
following the addition of the reducing agent. 

The reaction mixture after being filtered in a carbon dioxide-free ap¬ 
paratus was made up to 2000 cc. and analyzed. 

The 2-liter flask A containing the oxidation mixture was removed from 
the thermostat, placed on the rubber covered ring C and connected up 
as shown in Fig. 1. On the application of suction, and with the pinck- 
damp F and screw-clamp H closed, the mixture was drawn from A into the 



glass jar E. The oxide of manganese was retained on the outside of the 
Pukal filter G while the filtrate passed on into the a-liter suction flask. After 
a sufficient amount of material had been transferred to E, the clamp F was 
opened to stop transference. When the filtration and washing were com¬ 
plete, damp H was opened and water sucked into the cell to wash the in¬ 
side of it. The plate glass cover D and the vessel were ground and coated 
with vaseline so as to prevent leakage of air into the apparatus. Several 
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types of filters were tried, but the unglazed cell was found to tie highly 
satisfactory, as a clean filtration and three washings were usually completed 
within 10 to 15 minutes. The cell was cleaned by first removing the main 
portion of the precipitate with a steel spatula, then was sponged oS and 
finally treated with hydrochloric acid after which water was sucked 
through it until the washings were free from chlorides. To assure our¬ 
selves that no appreciable error was introduced due to absorption or possi¬ 
ble adsorption by the Pukal filter, determinations were made on a fil¬ 
trate containing the m axim um amount of oxidation products obtained 
in the experiment. 

(d) Data.—The results obtained from 4 series carried out at 25, 50, 75 
and 100° are given in Tables I, II, III and IV, respectively. They are 
also represented in the form of curves as found in Figs. 2, el. seq. 30.404 
g. of potassium permanganate was used in each experiment. 



Oxidation Results. 
Table I. 

Temperature — 25°. 



Material* 
used. O. 

Found, with proper correction 
for COt end CHtCOOH. G. 

Calculated for 4.605 g. alcohol. G. 

Col. 1 . 2 . 

3 

4 . 

5 . 

6 

7 . 

8. 

9 . 

to. 

11. ' 

isspi. 

No. COH. C»H.GH. 

CO. (COOK), 

CHgCOOH. 

CO,. 

(COOH)» 

CHiCOOH. % yield. 

1 

0.00 

6.37 

0.00 

0.000 

0 00 

8.17 

0.00 

0.000 

5-91 

98.43 

2 

5.32 

5.93 

0 581 

0.401 

59.80 

7 °3 

0-450 

0.310 

5-44 

99 16 

3 

10.65 

5 7* 

0 845 

0 869 

49 3 ° 

6 31 

0.680 

0.700 

500 

98.78 

* 4 

21.30 

5-30 

I .03 

0.912 

46 94 

5 17 

0.890 

1.05 

4 49 

96.58 

5 

43.60 

4.8a 

I.08 

1.60 

40.69 

4'44 

1 03 

1*53 

4-24 

99-33 

6 

85.30 

4.30 

1.33 

2.09 

37 35 

3,60 

1.14 

1 *95 

386 

98.90 

7 

170.4 

3 74 

0 943 

I 71 

35 96 

3 04 

1 16 

2 11 

3-75 

99 09 

8 

355-6 

3 .85 

0 866 

1 .8! 

34 00 

3.18 

I 06 

2.17 

3-80 

99-45 

9 

340.8 

3-86 

0.964 

*•75 

36.09 

316 

1 15 

2.09 

3-77 

99.06 
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Table XX 

Temperature = 50° 

Materials Found with proper correction Calculated for 4 f >05 g alcohol G 

used G for COi and CHaCOOH G 


Col 1 2 

Expt 

No KOH 

1 

C1H1OH 

4 

COj 

s 

(COOH)» 

6 7 

t HiCOOH 

8 

CO, 

9 

(COOH), 

10 

C HiCOOH 

n 

% yield 

IO 

0 00 

6 40 

O 

00 

0 00 

0 00 

8 

17 

O 

00 

O OO 

5 87 

97 76 

11 

s 32 

5 OS 

I 

04 

I 07 

50 00 

4 

99 

O 

95 

O 98 

4 55 

97 48 

12 

TO 65 

4 77 

I 

39 

I 64 

46 30 

4 

02 

1 

34 

l 58 

3 8 <3 

97 42 

13 

21 30 

4 37 

1 

45 

I 96 

43 22 

3 

33 

I 

53 

2 06 

3 51 

98 74 

14 

42 60 

3 85 

1 

49 

2 12 

41 71 

2 

SO 

I 

73 

2 S 3 

2 99 

98 13 

15 

85 20 

3 48 

1 

33 

2 15 

38 78 

2 

09 

1 

76 

2 84 

2 77 

97 68 

l6 

170 4 

3 35 

I 

32 

2 l8 

38 13 

1 

96 

1 

81 

3 00 

2 70 

98 89 

17 

355 6 

3 30 

I 

35 

2 24 

38 12 

1 

*4 

1 

88 

5 12 

2 57 

98 82 

18 

3 +o 8 

3 30 

1 

32 

2 IO 

38 s»o 

i 

98 

1 

*4 

2 i)\ 

2 77 

99 61 


Tabu. Ill 
Temperature = 7s 0 


Materials Found with proper correction Calculated for 4 ( 05 g iilcohol G 

used G for t Os and CHaCOOH G 


Col 1 2 

Expt 

No KOH 

3 

4 

5 

6 


- 

8 

9 

to 

u 

CsHiOH 

CO, 

CC OOH), 

CHaCOOH 

CO, 

(LOOK). 

CHaCOOH 

% yield 

19 

O OO 

6 38 

O OO 

O 00 

O OO 

8 

24 

0 00 

O (K) 

5 

9 s 

9911 

20 

5 32 

4 25 

1 38 

2 19 

43 21 

3 

22 

1 so 

2 02 

3 

49 

97 61 

21 

10 65 

3 97 

■ 58 

2 IO 

43 30 

2 

60 

I 83 

2 44 

3 

02 

98 20 

22 

21 30 

3 62 

1 65 

2 33 

42 Ol 

2 

OO 

. 10 

2 96 

2 

54 

99 04 

23 

42 60 

3 20 

1 65 

2 40 

4‘ 35 

I 

46 

2 38 

3 45 

2 

IO 

TOO 34 

24 

85 20 

3 03 

i 63 

2 41 

40 84 

1 

19 

2 47 

3 66 

I 

81 

98 89 

25 

170 4 

2 93 

1 65 

2 34 

41 80 

1 

09 

2 59 

3 68 

t 

7' 

98 80 

26 

255 6 

2 95 

' 57 

2 38 

40 20 

1 

17 

2 45 

3 7< 

I 

83 

99 46 

27 

340 8 

2 88 

1 58 

2 28 

41 39 

I 

11 

2 52 

3 64 

I 

78 

98 72 


Table IV 

Temperature — ioo D 


Materials 1 ound with proper correction Calculated For 4 60 S g alcohol. G 

uaed G for COi and CHjCOOH G 


Col l 2 

1 

4 

S 

6 

7 


K 

S 

1 

10 

ll 

No KOH CtHiOH 

CO, (COOH,) 

CHaCOOH 

CO, (COOH), 

CHiCOOII 

% yield 

28 

0 00 

6 22 

O OO 

O OOO 

O OO 

8 12 

O 

OO 

O 

000 

6 00 

99 91 

29 

0 415 

6 18 

O 00 

O OOO 

O OO 

8 02 

O 

OO 

O 

000 

5 98 

99 59 
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Discussion. 

Fig. 2 shows the number of grams of absolute alcohol required to re¬ 
duce a constant weight of potassium permanganate at the 4 different 
temperatures and with increasing initial concentrations of the alkali. 
Beyond an alkalinity of about 100 g. (of. Fig. 10) per liter of water, an in¬ 



crease in the initial concentration of the potassium hydroxide had little 
further effect on the amount of alcohol necessary to reduce the potassium 
permanganate completely. The curves'sliowing the amounts of the oxida- 
tiou products in Figs 3, 4, 5 and 6 aretplotted on the basis of a constant 
quantity of alcohol (4 605 g or o 1 molecule). Figs. 7, 8 and 9 show the 



acetic, oxalic and carbonic acid curves for the 4 temperatures, respectively, 
and are represented on the same basis. 

(a) Oxidation Products. —In the neutral reactions, acetic add was 
the only substance found in quantities estimable by the common anal- 



WILLIAM LLOYD EVANS AND JESSE E. DAY. 


1276 

ytical methods. Chapman and Smith 1 oxidized alcohol with alkaline 
potassium permanganate and obtained acetic aldehyde, acetic acid, 
“together with various other bodies and oxalic add.’’ The difference in 
our experiments between the yields of alcohol as accounted for in the form 
of oxidation products and 100% might, in some cases, be construed as 



0 W 90 90 139 ISO 240 943 


Fig- 5 

"various other bodies ” The Jones test did not indicate any formic add 
or formaldehyde. For a number of years the purity of alcohol has been 
determined by its oxidation to aceticjadd by means of a chromic add 
mixture. 2 

Dr. Homer B. Adkins and one of us have shown that acetaldehyde is 



Fig 6. 


readily oxidized under the conditions used in this research. Hence, the 
amount of acetaldehyde, if present, must have been small. If other sub¬ 
stances than acetic acid were present, the amounts were too small to al¬ 
low detection. Denis 3 obtained only acetic acid in her experiments. 

1 Loc. cit. 

* Chapman and Thorp, J Chem Sac., iq, 482-3 (1866), 

* Am. Chem. J., 38, 564, 569-371 (1910). 
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It is interesting to note that when Voisenet 1 oxidized alcohol with the 
oxides of nitrogen, he obtained formaldehyde as a product of the reac¬ 
tion. 

The yields of alcohol accounted for as oxidation products (Col. n, 
Tables I, II, III and IV) are between 97.42 and 100 37%. In general, 
the yields of the 100 0 experiments came nearer totalling 100% than any 



of the others This does not necessarily mean that the 100° results 
should be accorded greater weight than the others. The low yield may 
have been due to incomplete oxidation or loss of the alcohol itself by 
evaporation from our reagent bottle The latter is hardly possible be¬ 
cause specific-gravity determinations of the alcoholic solution were made 
about every 5 days and at no time was there a difference of more than 



H one or two in the fourth place. At the temperature of 75 0 and ioo°, 
it was thought that there might be a slow but appreciable evaporation 
of alcohol while the drops were travelling from the end of the dropping 
tube to the oxidation mixture (a distance of 8-10 cm ) To check up this 
possibility, the dropping tube was extended below the surface of the mix- 
1 Compt. rend , 150, 40-43 (1910). 
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ture in the flask after which the repetition of all of the 75 0 series, and the 
last 5 of the too 0 series, showed little or no difference in the amount of 
alcohol required for complete reaction from that used when the tube was 
of the shorter length. 

Carbon Dioxide.—Only a trace was found in all our neutral experi¬ 
ments, and this was undoubtedly due to the unavoidable absorption of 
atmospheric carbon dioxide. 1 A correction for the carbon dioxide con¬ 



tent of the reagents was always made. Test experiments showed that 
the mercury seals on the stirrers were effective in preventing the circula¬ 
tion of the air. 

The formation of carbon dioxide in the alkaline experiments might be 
attributed to the following causes - (1) oxidation of acetates or (2) formates 
formed in the reaction; (3) decomposition of the oxalates formed and sub¬ 
sequent oxidation; (4) oxidation of the intermediate compounds arising 
from the dissociation of the oxidation products of alcohol. That the 
presence of carbon dioxide cannot be due to the decomposition of the 
acetates is abundantly borne out by the many instances in the literature 
of the stability of acetates in alkaline potassium permanganate solutions. 
Chapman and Smith found that oxalates were also totally unaffected in 
boiling solutions of potassium hydroxide and potassium permanganate. 
Hence, the presence of the carbon dioxide cannot be due to any action 
between the acetates and oxalates and the alkaline potassium perman¬ 
ganate Therefore, possibilities (1) and (3) are rigidly excluded.® The 
presence of carbon dioxide might be due to the intermediate formation 
of formates, as indicated by the work of Truchot, 3 who showed that formic 
acid is converted quantitatively into carbon dioxide in alkaline potassium 
permanganate solutions. Heimrod and Levene 4 explained the oxidation 
of acetaldehyde in alkaline solutions on the ground that formic acid is 
one of the reaction products. In view of the above facts, if formic acid 
is considered as an intermediate reaction product, it must be the decom- 

* Cl Denis, Am Chent 7 , 38, 564, 571 (1907). 

2 Evans and Witzemawi, This Joxjxnm,, 34, 1096 (1912). 

2 Compi. rend., 63, 274 (1866). 

* Bwrckem. Z., 29, 49 (1910). 
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position product of a substance obtained from the acetaldehyde formed in 
the reaction. It will be shown below that it is not absolutely essential 
to postulate the formation of formic acid in order to account for the pres¬ 
ence of carbon dioxide. 

Oxalic Acid. —When the oxidations, with the exception of Expt. 30, 
were carried on in the presence of various initial concentrations of potas¬ 
sium hydroxide, oxalic and carbonic adds were formed with the acetic. 
Similar observations were made by Evans and Witzemann 1 in their ex¬ 
periments on the oxidation of propylene glycol, lactic add, and pyruvic 
add by means of alkaline potassium permanganate. Cochenbausen* 
also made similar observations in his work un the oxidation of acetone. 
Denis’ found that acetic, oxalic and carbonic adds were the reaction 
products when alcohol is oxidized with alkaline potassium permanganate, 
a type of reaction which, in the present work, we have studied under defin¬ 
itely chosen conditions. 4 The amounts of the oxalic, carbonic and acetic 
acids obtained in the oxidation of ethyl alcohol at 50° have been expressed 
in our preliminary report as functions of the initial concentration of the 
alkali employed. In a recent study of the oxidation of acetone by means 
of alkaline potassium permanganate, Witzemann 4 has expressed his re¬ 
sults in a somewhat similar manner. 

The formation of the oxalic add may be due to the following possible 
causes: (5) oxidation of any acetates or (6) formates formed in the reac¬ 
tion; (7) oxidation of intermediate compounds formed from acetaldehyde. 
Denis* studied the effect of an excess of potassium permanganate on acetic 
add in the presence of potassium hydroxide at ioo°, and found that no 
reduction took place. Wanklyn and Cooper, 7 on heating acetates with 
a considerable excess of alkaline potassium permanganate at a tempera¬ 
ture of 160-180° in the presence of manganese dioxide, obtained potas¬ 
sium carbonate. When manganese dioxide was not added, oxygen was 
evolved. Barendrecht* did not detect any reaction between boiling 
strongly alkaline permanganate and acetic add. Sodium acetate, ac¬ 
cording to Lossen, 8 was partially converted into sodium oxalate when 
heated with sodium hydroxide, potassium permanganate and a small 
amount of water. Truchot* made the observation that potassium per¬ 
manganate had no effect on acetic acid in the presence of po tassium 

1 This Journal, 34, 1086 (1912). 

* J. praki. Chem., [2 ] 58, 454 (1898). 

* Loc. tit. 

4 See This Journal, 38, 377 (1916) 

* Ibid ., 39> 2663 (1917). 

* Am. Che m . 38, 564 (1910). 

7 Phil. Mag ., {5] 7, 138-140 (1879) 

* Arm., 148, 174-6 (1869). 
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hydroxide. Thee facts indicate that oxalic acid is not formed by the 
oxidation of acetic add. 

Two drops of 0.089 N potassium permanganate solution were re¬ 
quired to give a slight permanent color to the acetic add distillate when 
it had previously been made alkaline with sodium carbonate, indicating 
the absence of formic acid. A blank containing the same amounts of 
acetic add and sodium carbonate needed but one drop to give a color of 
the same intensity. Had formic add been one of the intermediate reac¬ 
tion products, it would have been immediately oxidized to carbon di¬ 
oxide as shown above. Hence oxalic add is not formed by the oxida¬ 
tion of formic add. It is true, however, that formic add has been oxi¬ 
dized to oxalic add by means of nitric add.’ 

It is apparent, therefore, that the oxalic add is formed in alkaline 
solution from the reaction compound of acetaldehyde. 5 On the basis 
of this research and those of other investigators, this explanation must 
be accepted as the correct one 

Nef* and Denis 4 assume that the course of the reaction is as follows: 
Alcohol is dissodated into ethylidene and water. 


CH,.CH 2 OH 


CHj.CH 


\ 


-(- HOH; 


the ethylidene is oxidized to ethylidene dihydroxide, 
/ 

CHj.CH+ 2 HO —* CHj.CH(OH)j - 


CHj.CHO + H, 0 . 


McLeod 1 * * 4 has shown that acetaldehyde is converted into vinyl alco¬ 
hol in the presence of alkali of a concentration of 0.10% or more; that is, 
the carbonyl group is enolized, 


CHj.CHO CH, = CHOH; 
the vinyl alcohol is then converted to glycollic aldehyde, 

CH, = CHOH + 2HO —> dhOH.CH(OH), —CH»OH.CHO + H» 0 . 


The glycollic aldehyde then undergoes a dissodation as expressed by the 
following. 


CHjOH.CHO 


^>CH0H+CH*0 • 




CHO + HjO 


2 H COOH —*■ 2C0,+2H,0 (o) 
► CHO.CHO —» (COOH), (6). 


1 Weyl, Ber., 17, 9 (1883). 

* Homer Adkins and one of us have completed work on acetaldehyde which we 
hope to publish in the near future. 

•Ann., 298, 315, 3:9 (1897). 

4 Am. Chan. J„ 38, 563-7 (1907). 

* Ibid., 37, *5 (1907)- 
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Such an Interpretation would readily explain the presence of both oxalic 
and carbonic adds in alkaline solutions. It has been shown by Adkins 
and one of us that in alkaline solutions of potassium permanganate glyoxal 
is oxidized to both oxalic add and carbonic add, hence possibility (a) is not 
really essential for an understanding of these reactions. As is well known, 
the 1,2-diketo compounds 1 can readily undergo the benzilic add rearrange¬ 
ment as follows: 



then in the presence of alkali, 



\ 


CO + KOH 


CHjOH.COOK, 


(<D 


which compound, as has been shown by Adkins and one of U9, is oxidized 
to oxalic add and carbon dioxide by alkaline potassium permanganate. 
That glyoxal is converted to glycollic add in cold alkalies is a well known 
fact. This reaction is analogous to the conversion of pyruvic aldehyde 
into lactic add in alkaline solutions. Heimrod and Levene* give the fol¬ 
lowing steps for the oxidation of acetaldehyde in alkaline solution: acet¬ 
aldehyde —► vinyl alcohol —► glycollic aldehyde —*• glyoxal —► 
formic add and oxalic add In view of these facts it is apparent that 
the presence of formic acid does not necessarily explain the presence of 
carbon dioxide in these reactions. 


In this connection it is interesting to note that in the experiment of 
Denis* on the oxidation of ethyl alcohol in alkaline potassium perman¬ 
ganate solution, the ratio of the alcoholic equivalent of carbon dioxide to 
that of oxalic add is as 12.6%: 7.6%, t. e., the alcoholic equivalent of 
carbon dioxide is 62.5% of the total as carbon dioxide and oxalic add. 
In the oxidation of acetaldehyde under approximately the same condi¬ 
tions the ratio of the acetaldehyde equivalent of carbon dioxide to that of 
oxalic add is as 17%: 9.2% or the acetaldehyde equivalent of carbon 
dioxide is 64% of the total as carbon dioxide and oxalic add. Col. 6 in 
the "Oxidation Results,” gives similar information for our work on alcohol. 

(b) Effect of Variation of Initial Concentration of Alkali.—This effect 
on the character of the oxidation products at 25, 50, 75 and 100“ is 
shown in Figs, 3, 4, 5 and 6, respectively. In general, an increase in the 
initial concentration of the alkali causes an increase in the oxalic add and 
carbon dioxide production, and a decrease in the acetic add production. 
An examination of the curves shows that the yields of these adds reach 
approximately a constant value for a given temperature when the initial 

1 Cf. Am. Chem. J., 35, 116 (1906). 

* Lot. at. 
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concentration of the alkali is about 100 g. per liter. The lowest initial 
concentration of potassium hydroxide employed at 25, 50 and 75 0 was 
5.3 g. per liter. At this concentration oxalic add and carbon dioxide 
were found at all 3 temperatures. At xoo° the lowest possible initial 
concentration of alkali necessary for the production of oxalic add in ap- 
predable amounts was found to lie between 0.415 and o 461 g. of potas¬ 
sium hydroxide (Expts. 29 and 30). 

In Fig. 10 the logarithms of the acetic acid production are plotted 
against the logarithms of the initial concentration of the potassium hy¬ 
droxide. The general equation for these lines is 


B 



where y is the concentration of the acetic acid obtained, x is the initial 
concentration of the potassium hydroxide, a is the tangent of the line and 
B is a constant. The values of a given below were obtained directly from 
Fig. 10 by measurement. To derive B we may use the equation 


log y = log B — a log *; thus, 


Temperature 

« 

a 

2 5° 

6 74 

0 I2S7 

50° 

6 in 

0 r«39 

75° 

5 41 

0 4459 

KX)° 

4 74 

0 30S4 


Knowing the values of B and a, it is easy to calculate the maximum alkali 
concentration which will still give the theoretical yield of acetic acid. This 
value was found to be as follows: 

Temperature Alkab concentration 

25° 2 55 

50° 1 19 

75° o 655 

1oo° o 460 

As noted above, we found that the value at 100° must lie between o 415 
and 0.461 g., while our calculation shows that the amount of alkali is 
0.46 g. These values mean that at any concentration of alkali greater 
than those given, acetic acid production will diminish and oxalic add and 
carbon dioxide will begin to form. 1 It is therefore to be concluded that 
one of the marked effects of an increase in the alkali concentration must 
be to increase the concentration of vinyl alcohol. 

It is evident that the results of any two oxidations at a given'tempera- 
ture will afford a means of obtaining both the value of a and the maximum 
alkali concentrations that may be used in obtaining the theoretical yield 
of acetic add. If y' and %' are the data obtained in a second oxidation, 
y the theoretical yield (»'. e., 6.003 %■ of acetic add), then x, the alirnU con¬ 
centration, may be calculated from the following equations: 

* McLeod, Am. Chem. 37, 24 (1907). 
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log y — log y' = a (log %’ — log x) 

or 

log y — log y' — a log x' _ __ log x 

( c ) Effect of Temperature. —It was found that the temperature also 
has a twofold effect in these oxidations; namely, to increase the speed 
of the oxidation, and to modify the character of the reaction products. 
The general effect of temperature on the production of acetic, oxalic and 
carbonic acids, is shown in Figs. 7, 8 and 9, which shows that the acetic 
add production falls off rapidly with the temperature while that of oxalic 
and carbonic adds increases with the temperature. 

The fact that less alcohol was required for complete reduction at ioo° 
(excluding neutral solution) than at the lower temperatures, means that 
more permanganate would have been required for the same amount of 
alcohol In other words, the quantitative conversion of alcohol into oxalic 
and carbonic adds becomes more nearly complete at higher tempera¬ 
tures and in the presence of more of the oxidizing agent. Barendrecht 
employed a temperature of approximately 100° for his work. Kastle 
and Loevenhart found that an increase in temperature accelerated the re¬ 
action between formaldehyde and hydrogen peroxide. 

Helper 1 states that when ethyl alcohol is oxidized with alkaline potas¬ 
sium permanganate, the temperature requisite for a theoretical yield of 
acetic acid must be below o°. This condusiou is not warranted, as can 
be seen from the discussion of Fig. 10, where it is shown that acetic add is 
the only product formed with low potassium hydroxide concentrations. 



Fig. 10. 


In Fig. 11 the tangents of the acetic add log curves are plotted against 
temperature. A straight line passed through the 4 points cuts the K-axis 
at a point near —25 °. At this temperature the slope of the acetic acid 
curve is zero. If, e. g., x = 300 when a = o, by substitution in log B = log 
y + a log x, the last term becomes zero, and B = y = 6.003, which is 
the theoretical yield in g. of acetic acid from 4.604 g. ethyl alcohol. This 
1 Z. anal. Chem., 51, 415 (1912) 
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means that at the temperature indicated by the intersection of the line 

of tangents and the F-axis the concentration of the alkali does not affect 

the theoretical yield of acetic add. 



It has been repeatedly observed in these experiments that the rate of 
adding the alcoholic solution had no appreriable influence on the rela¬ 
tive quantities of the oxidation products. 

Summary. 

1. In neutral aqueous solutions of potassium permanganate at tempera¬ 
tures of 25, 50, 75 and too 0 , the sole reaction product of the oxidation of 
ethyl alcohol is acetic acid. 

2. (a) When ethyl alcohol is oxidized at the temperature of 25, 50 and 
75 0 by means of alkaline potassium permanganate solution contain¬ 
ing 5.32 to 340 8 g. potassium hydroxide per liter, the reaction products 
are acetic, oxalic and carbonic acids, (f>) when ethyl alcohol is oxidized 
at 100 0 by means of potassium permanganate in the presence of 0.415 
g. potassium hydroxide per liter of solution, the product is still acetic 
add, but when the alkalinity was from o 46 j to 340 8 g. per liter, oxalic 
and carbonic adds were present in addition to the acetic add. 

3. The oxidation of ethyl alcohol by means of alkaline (v. Summary 
No. 2) potassium permanganate at the above temperatures is accom¬ 
panied by a diminution in the yield of acetic add and a corresponding 
increase in the yield of oxalic acid and carbonic acids as the concentra¬ 
tion of the alkali was increased up to the beginning of the maximum effect. 

4. (a) An increase in the temperature of the alkaline reaction mix¬ 
ture (exduding Expt. 29) diminishes the yield of acetic add propor¬ 
tionately; ( b ) an increase in the temperature of the alkaline reaction mix¬ 
ture (exduding Expt. 29) increases the yield of oxalic and carbonic adds 
proportionately. 

5. An increase in the temperature of the reaction mixture hastens the 
rate of oxidation. 
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6 . An increase in the alkalinity of the reaction mixture, up to a certain 
maximum amount, increases the rate of oxidation. 

7. A comparison between the results of two experiments recorded by 
Denis is given. 

8. The rate of the addition of the alcoholic solution has no effect on 
the relative amounts of the oxidation products so far as could be ascer¬ 
tained. 

9. An equation has been developed for the relationship between the 
acetic add production and the initial concentration of the alkali used 
when alcohol is oxidized at a given temperature in the presence of potas¬ 
sium hydroxide. 

10. By means of this equation it is easy to establish the upper limit 
of the alkali concentration permitted and still obtain a theoretical yield 
of acetic add, i. e., the lower limit of alkali concentration at which oxalic 
add forms. 

u. By means of this equation it can be shown that at —25 0 the magni¬ 
tude of the initial concentration of the potassium hydroxide used would 
not affect a quantitative yield of acetic add. 

12. An apparatus has been described for the filtering of sludge predpi- 
tates in the absence of the carbon dioxide of the air. 

Columbus, Ohio 


[Contribution from the Chemical Research Laboratory, The Upjohn Company.! 

THE YELLOW COLORING SUBSTANCES OF RAGWEED POLLEN. 

By Frederick W. Heye. 

Received M*y 26, 1919. 

These coloring substances belong to the flavonols and are entirely gluco- 
sidic. They are extracted with alcohol, and after preparing an aqueous 
solution from this alcoholic extract a complete predpitation may be se¬ 
cured with basic lead acetate. The yield amounts to about 7.0 g. from 
1150 g. pollen or approximately 0,6%. 

The least soluble of these was identified as a querdtin glucoside hav¬ 
ing the composition CuHjoOu and melting at 228-9°. The only sugar 
obtained upon hydrolysis was glucose. It is therefore isomeric with, 
and differs from, querdmeritrin and isoquerdtrin, which were first isolated 
by A. G. Perkin 1 from the flowers of Gossypium herbaceum. These melt, 
respectively, at 247-249° and 217-219°. One other isomer is known, 
having been isolated by Rogerson 5 from the flowers of Trijolium incarna¬ 
tion. Incarnatin melts at 242-245°. The most characteristic behavior 
of pollen querdtin glucoside on melting is the sharp formation of a cheny- 

* J. Chem. Soc., 95, 2181 (1909); Viehoever, Chernoff and Johns, C. A., la, 1562 
(1918). 

* J . Chem . Soc ., 97, 1008 (1910). 



1286 


FREDERICK W. HEYL. 


red oil at the melting point, a peculiarity not noted with any of the above 
mentioned isomers. 

The more soluble fractions of the mixed glucosides contained a glucoside 
of isorhamnetin. This fraction yielded magnificent crystals of hexagonal 
prisms, but these were extremely soluble; 2-3 cc. of warm water dissolv¬ 
ing a gram or more and yielding a thick unfilterable crystalline mush. 
Upon hydrolysis it gave isorhamnetin, CnHuOi, a monomethyl deriva¬ 
tive of querdtin, and yielded the characteristic beautifully crystalline 
tetraacetyl-isorhamnetin melting at 197-200°. This substance has 
been previously isolated 1 from the flowers of Chnrantkus cheirt and from 
red dover flowers. 2 The glucoside of isorhamnetin appears to predomi¬ 
nate. 

Experimental Part. 

Ragweed pollen (approximatdy 1150 g.) which had been percolated 
with ether to remove fat, was percolated with alcohol (94^-98%) until 
the percolate was almost free from color. After distilling off most of the 
alcohol under diminished pressure this extract was mixed with distilled 
water and the resin that separated was removed. The aqueous liquor 
was extracted with ether and the coloring substances were fractionally 
precipitated by 3 additions of basic lead acetate solution, the yellow pre¬ 
cipitates being removed on a Buchner filter, washed with water, and de¬ 
composed with hydrogen sulfide, yielding 3 fractions. 

On concentrating Fraction I (50 cc.) and cooling, a substance separated 
in yellow globules. This material was dissolved in a mixture of pyridine 
and water (1 • 3) but no satisfactory crystallization resulted; on heating 
and adding an equal volume of glacial acetic acid the substance separated 
in a crystalline condition having the appearance of wheat. It was very 
impure, sintering below 170°, becoming soft at 185° and having completely 
decomposed to a red foam at about 195°. It was insoluble in ether or 
toluene, but dissolved in boiling nitrobenzene, failing to crystallize satis¬ 
factorily. It was purified by boiling with water, to which pyridine was 
added drop by drop until solution was effected and then collecting the 
crystals (light yellow needles) which separated from the hot solution. 
The melting point was raised as follows: 212-220°, 224°, 223-5 0 , and 
224-6°, to a red oil. Yield (o. 12 g.). 

Subs, dried in vacuum at 130 ° 0.1174, COj, 0.2322; HtO, 0.0466. 

Calc, for CtiHuOu C, 54.3; H, 4.3. Found. C, 53.95; H, 4.45, 

The original aqueous solution from which the crude glucoside separated 
could be concentrated to a syrup without further crystallization. It 
contained a mixture of extremely soluble uncrystallizable glucosides. 
This syrup was taken up with 5% sulfuric add and heated upon the steam 
1 A. G. Perkin. J. Chem. Soc., 69, 1658 (1896). 

* Power and Salway, Ibid., 97, 245 (1910). 
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bath until the separation of insoluble yellow substance was complete. 
This, when filtered off on a gooch crucible, weighed 1.097 g. It was dis¬ 
colored. It was redissolved in ammonium hydroxide solution and re¬ 
precipitated with hydrochloric acid. The precipitate was dissolved as 
far as possible in ether, and the ether solution was extracted with water, 
ammonium carbonate, and then with potassium carbonate, which took 
out a considerable part of the material in a deep orange colored solution. 
The last mentioned extract was acidified and the yellow precipitate fil¬ 
tered off on suction and washed with water. It melted with decomposi¬ 
tion at 286°. It was recrystallized with dilute alcohol 1 from which it 
separated in microscopic crystals melting at 281-286° (C 58 3, H 3.75). 
The remainder was acetylated and the colorless acetyl derivative obtained 
proved to be comparatively soluble, most of it remaining in the mother 
liquor as a syrup. The crystalline part (0.05 g.) softened at 144° and 
melted at 148-149°. Upon recrystallization it softened at 146° and 
melted at 149-151°. The yellow substance therefore is not quercitin 
but a mixture. 

The yellow hydrolytic cleavage products having been filtered off, the 
filtrate after clarifying with lead subacetate showed the presence of 0.534 
g. glucose by the Munson-Walker process. The phenylglucosazone melted 
at 203-4° and pentose sugars were absent, it being impossible to obtain 
even a trace of phloroglucide by the quantitative procedure. 

Upon concentrating the filtrate from the lead sulfide after decom¬ 
posing the second lead salt two crystalline deposits A and B, consisting 
chiefly of yellow globules, were obtained. A (1 1 g.), was repeatedly 
recrystalliz.ed from water but the melting point remained 170-211°. 
B (1 o g.f, when fractionally crystallized from water, gave a small crop 
of needles of the glucoside melting at 221-224°, but from the mother 
liquors material similar to A separated. By crystallization from water 
and pyridine a small yield of pure yellow glucoside (o 3 g.) melting at 
222-5° was obtained from A, and B yielded the same product, m. p. 
228-9°. 

The glucoside here obtained was hydrolyzed with unsatisfactory results: 

0.2733 g. was heated on the steam bath with dilute alcohol in a covered 
beaker in the presence of approximately 5% sulfuric add, and with the 
occasional addition of alcohol. The solution was then concentrated and 
alcohol completely removed, several additions of water being made to 
‘keep the volume constant. After standing overnight, 0.1579 8- yellow 
cleavage product was filtered off on a gooch crumble (57.8%). The fil¬ 
trate yielded pure d-phcnyl-glucosazone melting at 205-6°. 

' The mother liquors from this substance contained alteration products which 
were very soluble in water yielding red solutions that no longer gave yellow solutions 
with alkali. Potassium hydroxide intensified the red color. 
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The yellow cleavage product was twice crystallized from 95% alcohol 
and melted at 311-313 °, but was not identical with the product later ob¬ 
tained which melted at 314-315 °, as a mixture of the two melted at about 
288°. After drying in vacuo at 130°, it was analyzed. 

Subs., 0.0814: COj, 0.1773; HiO, 0.0259. 

Calc for CuHioOt: C, 39.6; H, 3.3. Found: C, 59.4; H, 3.6. 

The substance agrees in all its properties with querdtin. When mixed 
with querdtin from Zygadertus (m. p. 305°), the mixture melted at 305-7 
It yielded a colorless acetyl derivative that crystallized characteristically 
from alcohol and melted at 191-3 When mixed with acetyl querdtin 

the melting point was not depressed. 

Although the calculated yidd of querdtin from the equation 
CjiHjoOio + HjO = C1&H10O7 + CeHijOj, 
should be 65% (found 57.8), there is no doubt but that the substance 
is a querdtin glucoside. 

The mother liquors (pyridine + water) which accumulated during 
the purification of this querdtin glucoside contained more than 0.5 g. 
glucosidic material. It was hydrolyzed and the yellow deavage product 
converted into the colorless acetyl derivative. The crude product melted 
at 165-180° and after several recrystallizations at 188-195°. A methoxyl 
determination here indicated that it consisted of a mixture of acetyl- 
isorhamnetin and acetylquerdtin, the former predominating. 

Subs, 00311 (182-192°). Agl, 0.0170. Found: OCHi, 4 4. 

The filtrate from B upon concentration yielded 2.0 g. of an insoluble 
yellow product C as it was concentrated to a synip, hydrolysis evidently 
being effected by a small amount of free add present. The insoluble 
yellow deavage product was filtered off and the filtrate made add with 
5% sulfuric add to complete the hydrolysis and heated on the steam bath 
and again filtered from a further slight quantity of badly contaminated 
deavage product. The add filtrate on thorough examination contained 
nothing but glucose. 

The product C (2 o g.) was boiled twice with smaller volumes of water 
and then the insoluble residue was boiled with one liter of water and 
filtered hot. From the filtrate a small quantity (0.07 g.) of micro-crystal¬ 
line material separated. Dried at 120°, it softened at 255° and melted 
to a black oil at 260°. It is readily soluble in ammonia, yielding a yel¬ 
lowish green color, which turned to a burnt ydlow when the ammonia is 
expelled (C, 6i. 15; H, 3.9). It is probably the same material as the in¬ 
soluble part. 

The insoluble part was dissolved in boiling 95% alcohol, and water was 
added to opalescence and then on cooling the material separated in amor¬ 
phous balls melting at 293-6°. It weighed 0.6 g. For further purifica- 
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tion the material was acetylated with acetic anhydride in the presence of a 
drop of pyridine. By 5 crystallizations from alcohol the melting point 
of this colorless acetyl derivative that crystallized in needles was elevated 
from 191-3° to 1 97-200°. 

Subs., 0.0667: COj, 0.1444; HjO, 00247. 

Subs., 0.0921: Agl, 0.0466. 

Calc, for CnHjOifCOCHj), C, 59 5; H, 41; OCHj, 6.4. Found: C, 59.05; H, 
4.15; OCH,, 6 7- 

The pure acetyl derivative was hydrolyzed by boiling with 5% sulfuric 
acid in dilute alcohol and filtering after removing the alcohol on the 
steam bath. The recovered yellow substance separated from 95% alco¬ 
hol in curved prims and melted sharply at 314-315 0 to a black oil. 

Subs , 0.079- COi, 0.1768; HiO, 00288. 

Calc for C„H„ 0 ,- C, 60 7; H, 3 8 Found: C, 61.05; H, 4.1. 

This substance appears to be isorhamnetin, one of the monomethyl 
quercitins, and the purification through the acetyl derivative did not change 
the results of the combustion. 

The third lead precipitate was decomposed with hydrogen sulfide and 
the filtrate from the lead sulfide was concentrated to a syrup but no crys¬ 
tals resulted. The syrup, when subjected to acid hydrolysis, yielded only 
calcium sulfate. 

The writer is greatly indebted to Mr. Clayre Pomeroy for the analytical 
work. 

Kalamazoo, Mien 


(Contribution from thb Mellon Institute and the School op Chemistry, 
University op Pittsburgh 1 

PHTHALIC ACID DERIVATIVES; CONSTITUTION AND COLOR. 

XVI. 1 PHENOLTETRABROMO-PHTHALEIN AND 
SOME OF ITS DERIVATIVES. 

By David S Pratt, F. B. Doane and A. W. Harvey. 

Received May 31. 1919. 

The preparation of various halogenated phenolphthaleins has been 
considered important from two standpoints, e., to provide additional 
indicators of this excellent type for analytical work and to further our 
knowledge of the effect on absorption spectra brought about by the sub¬ 
stitution of important atoms in phthalic acid derivatives. Since the corre¬ 
sponding chlorine and iodine derivatives of phenolphthalein have been 
prepared it was interesting to study the intermediary bromine analogues. 

Phenoltetrabromo-phthalein with the halogen in the anhydride ring was 
probably obtained in an impure condition by Rupp, 1 but details are lacking 
* This Journal, 40, 1425 (1918). 

1 Arch, Pharm., 349, 56 (1911). 
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in his brief report. The phthalein and some of its more important de¬ 
rivatives have now been prepared in a condition of purity sufficient even 
for spectroscopic investigation. Unfortunately it is not possible to make 
this part of the contemplated study at the present time. For this reason 
the various probable effects due to introducing 4 bromine atoms possessing 
an acidity between chlorine and iodine and with characteristic activity 
on adjacent points of unsaturation will not be discussed until spectroscopic 
data are available. 

The tetrabromo-phthalic anhydride used was prepared by the convenient 
method outlined in a previous article. 1 

Phenoltetrabromo-phthalein.—4C4 g. of tetrabromo-phthalic anhydride 
was placed in a 2-liter, round-bottom flask provided with an air condenser 
and intimately mixed with 1390 g. of freshly distilled phenol. The tem¬ 
perature was raised to about 50° C. and 450 g. of fuming sulfuric add 
(15% SO,) added gradually as the reaction proceeded Heat was then 
applied by means of an electrically heated air bath at 160° for 9 hours, 
during which the color of the mix changed nearly to black. 

The hot reaction product was poured into a large volume of boiling 
water, washed several times by decantation and finally steamed thor¬ 
oughly for several hours or until the odor of phenol had largely disap¬ 
peared. The material was dissolved in dil. sodium hydroxide solution, 
predpitated hot with dil. hydrochloric add, filtered, and washed free from 
chlorides. The phthaldn in the dried product was extracted with alcohol 
in which unchanged anhydride and tetrabromo-fluoran are insoluble. 
The residue obtained by distilling off the alcohol contained some tar, 
and was therefore dissolved in gladal acetic add and thoroughly treated 
with bone black. Faintly yellow crystals were deposited on concentration 
and cooling, giving a yield of 75% of the theoretical amount. Too rapid 
heating during condensation or prolonged time at high temperature causes 
excessive tar formation. 

The phthalein was further purified by repeated alternate recrystalliza¬ 
tion from alcohol and gladal acetic add until finally obtained in nearly 
colorless crystals. It is quite soluble, without color, in ordinary organic 
solvents, and very sensitive to alkali, giving deep purplish red solutions. 
Ammonia, however, either dry or moist, failed to give the corresponding 
salt when passed over the dry phthalein. Halogen in every case was de¬ 
termined by the modified lime combustion method. 

Subs., (I) 0.3023; (II) 0.2912. Cc. o.i JV AgNO,: (I) 1910; (II) 18.34. 

Calc, for CtoHijOtBr,: Br, 30.43. Found: (I) 50.50; (II) 50.34. 

The structure of phenoltetrabromo-phthalein is undoubtedly repre¬ 
sented correctly as 

1 This Journal, 40, 1416 (1918). 
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Tetrabromo-fluoran.—The residue left after extracting the crude re¬ 
action product with alcohol consisted largely of unchanged anhydride and 
tetrabromo-fluoran. The former was removed by treating with warm 
dil. sodium hydroxide solution. The fluoran remaining was washed and 
purified by repeated recrystallization with bone black from glacial acid in 
which it is sparingly soluble, being finally obtained as well defined colorless 
crystals. 

Subs , (I) O 317J, (ID o 3356 Cc o 1 A AghOj (1)2055,(11)2183 

Calc for Ci.H« 0 ,Iir i Hr, 51 91 Pound (I) 51 74, (II) 51 98 

Phenoltetrabromo-phthalein Diacetate.—The diacetate was prepared 
by lioiling for one hour a mixture of 15 g. of the pure phthalein, 9 g of 
fused sodium acetate, and 45 cc. of acetic anhydride. The impure acetate 
was dissolved in benzene containing acetic anhydride, boiled with bone 
black for many hours, and finally recrystallized from benzene and alcohol. 
A yield of pure colorless, well formed crystals corresponding to 65%, was 
obtained 

Subs , (I) o 2716, (II) 0 4026 Cc o 1 A AgNOi (1)1513,(11)22.48 

Calc (or C«Hi» 0 »Br t Dr, 44 5s Found (114442,(11)4462 

Phenoltetrabromo-phthalein Dibenzoate.—The dibenzoate was pre¬ 
pared by dissolving the pure phthalein in 2% sodium hydroxide solution 
and shaking with successive portions of benzoyl chloride until the red color 
disappeared The product was washed with dilute alkali and 50% alcohol, 
and recrystallized several times from alcohol. A yield representing 80% 
was obtained as fine, colorless needles readily soluble in benzene, less so in 
alcohol. 

Subs. (1) 02726, (II) 02244. Cc 01 A'AgNOi (I) 1284, (II) 1058 

Calc, for C»HuO»Br< Br, 3797. Pound (I) 3781, (II) 3769 

Phenoltetrabromo-phthalein Dimethyl Ether. —15 g. of the pure 
phthalein was dissolved in 5% sodium hydroxide solution and shaken with 
successive small portions of dimethyl sulfate The purple color gradually 
disappeared and the crude ether precipitated in a yellow amorphous 
condition. This was purified from alcohol and obtained as colorless 
crystals which tended to become pale salmon color on drying. 

Subs, (I) 0.3217; (II) 0.3026 Cc o i N AgNOi (I) 19.44; (II) 18.18. 

' Calc, for C a HuO«Brv Br, 48.30. Pound: (X) 48 12; (II) 48.01. 
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Tetrabromophenol-tetrabromophthalein.—A solution of 10 g. of bro¬ 
mine in 25 ec. of alcohol was added through a reflux condenser to a boiling 
solution containing 10 g. of pure phenoltetrabromo-phthalein in 75 cc. 
of alcohol. Yellow crystals separated at once, the reaction being complete 
by the time all the bromine was added. A theoretical yield was obtained. 
The crude product was purified by recrystallization from acetone, giving 
very' pale yellow crystals very slightly soluble in alcohol, easily in acetone. 
Aqueous alkali dissolves the phthalein with a brilliant clear blue color. 
Spectroscopic analysis will probably show that the yellow color is due to 
shifting the limit of visible general absorption toward the longer wave 
lengths sufficiently to make it evident to the eye. It is exactly these pro¬ 
gressive shiftings in the absorption bands that will be investigated when 
the essential apparatus becomes available. There are no facts, however, 
opposed to the usual benzenoid structure which should therefore be rep¬ 
resented as 


Br Br 



Br 


Subs , (I) o 2575, (II) c 2291 Cc o 1 ,V AgNOa (I) 21 63, (II) 19 29 
Calc [or CjoHeO.Brg Br, 67 34 Found (I) 67 14, (II) 67 2J 

Diammonium Salt.—Exposure of a weighed quantity of the phthalein 
to dry ammonia caused the color to become turquoise blue with a gain in 
weight corresponding to two molecules of ammonia. The salt is not very 
stable even at ordinary temperatures, and loses its ammonia quantita¬ 
tively at ioo°. 

Subs., o 8047 (I) gam in weight, o 0283, (II) loss in weight, 00282 
Calc for CjrHcO,Br, 2NH, NH», 3 46 Found. (I) 3.43; (II) 3 40 

Tetrabromophenol-tetrabromophthalein Diacetate. — 10 g. of pure 
phthalein was boiled for one hour in 35 cc. of acetic anhydride containing 8 
g. of fused sodium acetate The hot solution was poured on ice and the 
crude acetate washed thoroughly with water. It was purified from ben¬ 
zene containing acetic anhydride. The colorless crystals so obtained 
contained a molecule of benzene removable by heating at 175 °. 

Subs , o 6269. Loss in weight, o 0472 

Calc for CMHioG»Br« C«II* C t H s , 7.02. Found: 7.52. 

Subs., (I) 0.2352; (II) o 2515 Cc. 0.1 N AgNO»; (I) 18.14; (H) 19.44. 

Cak. for C«HioO»Br, Br, 61 86. Found (I) 61.64; (II) 61 79. 

Tetrabromophenol-tetrabromophthalein Dibenzoate. — The diben- 
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zoate was prepared in a similar maimer to that used for phenoltetrabromo- 
phthalein dibenzoate, The colorless crystals obtained after treating with 
bone black a benzene solution contained a molecule of solvent which was 
slowly driven off at 130°. 

Subs, 0.9861. Loss in weight 00580 

Calc, for CjaHmOjBitj C«H« C S H<, 631 Found 589 

Subs , (II o 2520, (II) o 2763 Cc o i N AgNOj (b 17 25 , (ID 19 08 

Calc, for CwHuOeBrj Br, 55 23 Found G) 54 70, (II) 55 '9 

PlTTRBDHOH. PA 


[Contribution prom ths Mellon Institutl and the School of Chemistry, 
University op Pittsburgh ] 

PHTHALIC ACID DERIVATIVES; CONSTITUTION AND COLOR. 

XVII. 1 TETRABROMO-FLUORESCEIN, TETRABROMO- 
EOSIN AND SOME OF THEIR DERIVATIVES. 

By David S Pratt, G F Hutchinson and A W Harvey 
Received M«y II. 1219 

The replacement of hydrogen in the anhydride ring of fluorescein by 
4 iodine atoms has been found to alter the equilibrium between the ben- 
zenoid and quinoid structure. 1 Whereas fluorescein itself is stable in the 
latter, or highly colored, modification, the tetra-iodo molecule ordinarily 
assumes the former arrangement. The present paper deals with certain 
intermediate bromine derivatives. 

Tetrabromo-fluorescein, prepared by condensing tetrabromo-phthalic 
anhydride with resorcin, shows an equilibrium that lies near the border 
between the two structural isomeric modifications. The intramolecular 
forces which determine stability for eitheT form are probably resultants 
from proximity effects inherent in unsaturated centers residing in the 
phthalic residue. There is a dose relationship throughout the series under 
investigation existing between these unsaturated centers and the stability 
of the anhydride ring structure. This structure is encountered only as 
part of a benzenoid arrangement. When the 4-carbon-i oxygen ring opens 
the molecules may rearrange into a quinoid structure with a color change 
generally, although not necessarily, manifest to the eye. Under other 
circumstances the ring may open with the formation of a carbinol car¬ 
boxylic add but without the marked color change. 

The stability of the anhydride ring and benzenoid structure necessarily 
influences chemical reactivity, as has been noted by various investigators. 
An example of this may be pointed out in the present instance of salt 
formation. Tetrabromo-fluorescein with dry ammonia gas gives a di- 
ammonium salt where tetrabromo-eosin or octabromo-fluorescein gives a 
tetrammonium salt. It is felt that a comparative study covering as many 
* Tans Journal, 41,1289 (1919). 

' Ibid ., 40,336 (1918). 
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cases of these intramolecular resultant effects as possible and including 
spectrographic data will be of value. 

Tetrabromo-fluorescein .—464 g of tetrabromo-phthalic anhydride were 
well mixed with 216 g. of colorless resorcin and 216 g. of powdered, freshly 
fused zinc chloride. Fusion was carried out by gradually raising the 
temperature during half an hour to 200° with frequent stirring. The 
color darkened as the melt solidified. Heating was continued for two hours 
after which the cold fusion was powdered and washed with dil. hydrochloric 
add until free from zinc. The crude fluorescein was then dissolved in a 
minimum of dil. sodium hydroxide solution and precipitated in tall cylin¬ 
ders with vigorous air stirring by adding 2% hydrochloric acid. 

The yellow gelatinous hydrate resulting was washed free from chlorides 
by repeated decantation, filtered off and dried in a water oven. Yield, 
90%. Purification was carried out most successfully through the diacetate 
as it crystallizes well and is readily prepared. Saponification was then 
carried out by filtering a hot saturated acetone solution of pure diaeetate into 
5% sodium hydroxide solution and after 72 hours’ standing, acidifying with 
dilute acid. The product, after drying to constant weight in a water oven, 
was pure anhydrous tetrabromo-fluorescein. All analyses were made by 
the modified lime combustion method. ' 


Subs., (I) 0.3239; III) 02827. Cc. o 1 A’AgNOi (I) 10 S7, (II) 17.30 
Calc, for CsoHsO-Br,: Br, 49.34 Found (I) 4903; (II) 48 91 

The fluorescein so obtained is a brick-red amorphous powder It 
changes rapidly to bright yellow when moistened with acetone or ethyl 
acetate without permanent alteration in weight, behaving in this respect 
analogously to tetraiodo-fluorescein. 1 Tliis ready transformation from 
the unstable red quinoid to the stable yellow benzenoid form probably 
takes place through partial solution of an intermediate loose addition 
product. The yellow color of benzenoid tetraiodo-fluorescein was at¬ 
tributed to the similar color of tetraiodo-phthalic anhydride from which 
it is derived, but in this ease the parent anhydride is colorless. Heating 
for a short time at high temperatures reverses the equilibrium with forma¬ 
tion of the red form. These changes are represented as 



Red. 

'Ibid. 




Br 


Yellow. 
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The yellow hydrate obtained upon precipitation from alkaline solution 
was air dried to constant weight at room temperature without visible 
change in color. Heating at no 0 caused a loss in weight corresponding 
to approximately one molecule of water of constitution, and a partial con¬ 
version into the red quinoid form. 

Subs., 1.2921. Loss in weight, 00318. 

Calc, for Ci 0 HiOjBr,.H,O: HjO, 2 70. Found: 2.46. 


Alkaline solutions of tetrabromo-fluorescein are deeply colored and 
highly fluorescent, resembling closely the unhalogenated parent sub¬ 
stance. Silk is dyed directly a vivid purplish red similar to that produced 
by fluorescein. Visual examination, therefore, indicates that the vibra¬ 
tional alterations brought about by the introduction of bromine probably 
lie chiefly, if not entirely, in the ultraviolet region of the spectrum. 

Tetrabromo-fluorescein Carbinol Carboxylic Acid.—When tetrabromo- 
fluorescein hydrate is treated with absolute alcohol the color changes 
rapidly to a very much lighter yellow corresponding to the arrangement of 
the molecule represented by 


O 



Hydrous (ctrabromo- 
fluorescein. 


O 



carbinol carboxylic acid. 


The resulting carboxylic acid deposits from an alcohol solution in a 
nearly colorless, amorphous form. Heating at 1 io° causes a loss in weight 
corresponding to a molecule of water and a reversion to the yellow ben- 
zenoid fluorescein. 


Subs., 0.7375. Loss in weight, 0.0173. 

Calc, for CioHioOeBr^HiO: HjO, 2 70. Found: 2 33. 

Diammonium Salt.—The salt was formed by exposing a weighed sample 
of pure anhydrous fluorescein for 18 hours to a current of dry ammonia. 
When constant weight was attained, the color was bright red. Heating 
at ioo° reconverts the salt into the original fluorescein. 

Subs., 0.2520: (I) gain in weight, 0.0123; (II) loss in weight at 100", 00119. 

Calc, for CtoH|0»Br«.2NH4: NH«, 4.99. Found; (I) 4.88; (II) 4.72. 

Tetrabromo-fluorescein Diacetate. —370 g. of crude letrabromo-fluores- 
cein was added to 800 cc. of acetic anhydride containing 35 g. of fused 
sodium acetate. The suspension was heated in a water bath for 30 min- 
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utes and finally boiled gently for 20 minutes. The material in suspension 
gradually lightened until it became nearly colorless. After standing two 
days, the mixture was poured into water, filtered, washed and dried. 
The crude diacetate was dissolved in acetone and boiled for several days 
with successive small portions of bone black. Concentration of the light 
amber solution gave colorless crystals. 

Subs , (I) o 5964, (II) o 3136 Cc o 1 jV AgNOs (1/2156,(11)1710 
Calc, for CsiHuOjBr^ Br, 43 68 Found (I) 43 47, (II) 43 30. 

The crystalline diacetate is attacked rather slowly by aqueous alkali. 
The method of saponification indicated above is preferable as the acetone 
solution gives fiocculent material readily acted upon 

Tetrabromo-eosin.—Anhydrous tetrabromo-fluorescein reacts easily 
with bromine to give tetrabromo-eosin or octabromo-fluorescein. The 
replacement of 4 additional hydrogen atoms was carried out by suspending 
200 g. of pure tetrabromo-fluorescein in 400 cc. of glacial acetic acid con¬ 
taining 80 cc. of bromine. The mixture was boiled gently for an hour, 
during which the color lightened to a faint pink. The crystalline material 
was washed with alcohol and further purified from acetone. A yield rep¬ 
resenting 80% of pure product was obtained. 

Subs , (I) o 2834; (II) o 2124. Cc o 1 ,Y AgNO, (1)2348,(11)1765 
Calc, for CioHiOiBrj. Br, 66 .36 Found (I) 66 21, (II) 66 43 
Tetrabromo-eosin shows only a very slight tendency to rearrange into 
the quinoid or colored form except in the presence of alkali. Its structure 
should, therefore, be represented as 

Br O Br 

Br \AA/ Br 

c—0 

- o 

Br 

It is extremely sensitive toward alkali, and is therefore generally obtained 
faintly tinged with pink. This color is intensified upon heating to 150° 
but all efforts to shift the equilibrium further towards the red form failed. 
Tetrabromo-eosin is practically insoluble in alcohol, slightly so in acetone. 
It dissolves readily in aqueous alkali with a deep red color and slight 
fluorescence. Such a solution dyes silk an attractive pink. 

The addition of add to a dilute alkaline solution predpitated a volumi¬ 
nous pink hydrate which was carefully washed and air dried to constant 
weight without change in color. Further heating at no 0 drove off ap¬ 
proximately one molecule of water of constitution. 
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Subs., j.3013. Loss in weight, 0.0187. 

Calc, for C,oH,0,Br,.H,0: HiO, 1.83, Pound: 1.44. 

Tetrammonium Salt. —Dry ammonia gas was passed over a weighed 
quantity of tetrabromo-eosin until constant weight was obtained. The 
color changed to purple immediately, followed by the formation of a very 
brilliant deep bronze. The addition corresponded to 4 molecules of am¬ 
monia whereas tetrabromo-fluorescein did not react further than the 
diammonium salt. The ammonia is driven off readily by heating. 

Subs., 0.6802. (I) gain in weight, 0.0473; fII) loss in weight at 120°, 0.0468. 

Calc, (or CjoHiOjBr^NHj- NHi, 6.60. Found: (I) 6.50; (II) 6.44. 


The addition of 4 molecules of amm onia is probably best accounted 
for by a rearrangement into the quinoid structure and subsequent direct 
addition of 2 NH* to the carboxyl group. This would give the salt the 
structure represented by 





NH, 
Ct-ONH, 
ONH, 


Br 


Tetrabromo-eosin Diacetate.—20 g. of pure tetrabromo-eosin was sus¬ 
pended in 75 cc. of acetic anhydride containing 20 g. of fused sodium 
acetate. Some of the bright red sodium salt formed at first but upon 
boiling gently for 30 minutes this largely disappeared. The lumps were 
then crushed and boiling continued for 15 minutes to insure complete 
reaction. A theoretical yield of crude product was obtained. The ma¬ 
terial was recrystallized from benzene until obtained pure as colorless 
crystals. These contained a molecule of solvent of crystallization as 
shown by the loss in weight or heating at 130°. 

Subs., 1.3622. Loss in weight, 0.0885. 

Calc, for CwH,OiBr,.C»Ht: C«H», 6.93- Found: 5.66. 

Subs., (I) 0.2320; (II) 0.2500. Cc. 0.1 -V AgNO,’ (I) 19.17; (II) 18.16. 

Cak, for CtiHtOjBr,- Br, 61.06. Found; (I) 60.79; (II) 61.33. 

PrrrasuKOB. P*. 
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[Contribution from the Phytochemical Laboratory, Bureau of Chemistry, 
U. S. Department of Agriculture ] 

AN IMPROVED METHOD FOR THE QUANTITATIVE DETER¬ 
MINATION OF CAFFEINE IN VEGETABLE MATERIAL. 

By Frederick B. Power a.vd Victor K. Chesnut. 

Received June I, 1919. 

The methods that have heretofore been employed for the quantitative 
determination of caffeine in vegetable products, especially coffee and tea. 
are exceedingly numerous and varied in character. 1 Several of the older 
methods have previously been shown to give inaccurate results, which 
may be attributed to a number of causes. Among these there may be 
mentioned, in the first instance, the incomplete extraction of the caffeine 
from the crude material or its partial decomposition by the use of lime 
in the process of extraction, while a loss of caffeine may also be incurred 
by the evaporation of large amounts of aqueous extract and the employ¬ 
ment of such agents for its purification as lead acetate or animal charcoal. 
The methods which depend upon the use of an aliquot portion of a chloro¬ 
form extract of the crude material would also appear to be subject to con¬ 
siderable error through a loss of solvent by volatilization in the operations 
of filtering and weighing or measuring the liquid, with a consequent alter¬ 
ation of the calculated relations between the latter and the amount of 
material which it is supposed to represent. 

As an investigation undertaken by the authors, which is described in a 
separate communication, 2 required the determination of caffeine in various 
kinds of vegetable material, the methods which have heretofore been 
suggested were subjected to a critical examination. Some of the methods 
were thus found to be inherently inaccurate, while others are more or less 
complicated in their manipulative details. It was therefore sought to 
establish a method which would be both simple and accurate, and which 
also could be employed, without any considerable modification, for de¬ 
termining the presence or amount of caffeine in material of different 
physical character. 

Although the method to be described embodies some of the features of 
other methods, the principles and details of procedure, and consequently 
the results obtained, are so different from most of them as to render it 
practically new. Nevertheless, we have purposely designated it as an 
improved method, rather than as a new one The only recorded method 
with which it may to some extent be compared is that ascribed to Paul and 
> Compare Beilstew's llandbuch d. org. Chem., Ill Auflage, B<l. II, p, 957. Also 
Erganzungsband, III, p. 704. Czapelc, Btochemie dtr Pflansen, 1905, Bd. II, p. 244. 
An especially complete and critical review of methods of assay, in chronological order, 
is given by Lendrich and Nottbobm, Z. Nakr. Genussm., 17, 241-651 (1909}. See also 
Fendler and Stiiber, Ibid., a8, 9-20 (1914), 

* This Journal, 41,1307 (1919). 
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Cownley for determining caffeine in tea, which, as given in Allen’s Com¬ 
mercial Organic Analysis, 1 is essentially as follows: 

“Five grams of finely powdered tea are well mixed in a mortar with 2 
grams of ignited magnesia,’ the mixture thoroughly moistened with hot 
water, again triturated, and then dried at 100 It is next extracted with 
boiling alcohol, and the resultant liquid evaporated nearly to dryness. 
The residue is boiled with 50 cc. of water, and treated with a few drops 
of dil. sulfuric acid. When cold, the liquid is filtered and repeatedly 
shaken with chloroft mi until exhausted. The united chloroform solution 
is then agitated with a very dilute solution of sodium hydroxide, which 
removes a little coloring matter, so that on subsequently distilling off the 
chloroform in a weighed tlask the caffeine is obtained perfectly pure and 
colorless, or at most with a faint green tinge.” 

A trial of the above-described method for the assay of Mate or Paraguay 
tea did not give very satisfactory results. 

A consideration of the entire subject rendered it evident that the first 
object to be attained was the complete removal of the caffeine from the 
crude material, and for this purpose the direct extraction of the latter with 
hot alcohol appeared to be the best mode of procedure. The elimination 
from the extract of such plant constituents as are only soluble in water 
would thus primarily be effected, and whatever may be the form in which 
the caffeine is contained in the vegetable material, it was ascertained that 
it could be completely removed by alcohol. It has been assumed by some 
investigators that in certain drugs the caffeine is partly in the free state 
and partly in combination, either with tannic acid or, in the case of coffee, 
as caffeine-potassium chlorogenate, to which the formula ChH«Oi«Kj.- 
(C.HioNA,), + 2H3O has been ascribed.* The existence of the latter 
compound does not appear as yet to have been completely established, 4 
and the recorded analyses are not in very close agreement with the accepted 
formula. The use of lime, magnesia, ammonia, or other alkali in the va¬ 
rious methods of assay is evidently with the primary object of liberating 
the caffeine from its combinations in the drug, but apart from this purpose 
a weak alkali, such as magnesia, may also serve for removing the tannin 
or other acidic substances from solution, as in the method of procedure 
adopted by us. The use of lime is considered objectionable on account 
of the observation that, under certain conditions, it may cause some 

1 4th edition, Vol. 6, p. 6n. 

1 In the original paper by Paul and Covniley, Pharm. J „ [3 ] 18, 417 (1887), to 
which reference is made in the above-mentioned work by Allen, the authors direct for 
S 8- of tea the use of 1 g. of "hydrate of lime,” and no mention is there made of 
magnesia. 

1 Gorier, Ann., 35B, 327-348 and 359, 217-244 (1908). 

4 Compare I^ndrich and Nottbohm, Loc. at., p. 364. 
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decomposition of the caffeine with the formation of ammonia and methyl- 
amine, but it has been shown that this is not the case with magnesia. 1 

Method of Assay. —After a large number of experiments with different 
kinds of material in order to overcome the various minor difficulties that 
were experienced, and also to insure the accuracy of the results, the follow¬ 
ing general method of procedure was finally adopted: 

Ten g. of the finely ground material, previously moistened with a little 
alcohol, is extracted for about 8 hours in a Soxblet apparatus with hot 
alcohol. The alcoholic extract is then added to a suspension of io g. of 
heavy magnesium oxide in 100 cc. of water, contained in a porcelain dish, 
the flask being rinsed with a little hot water, and this liquid added to the 
mixture. The mixture is allowed to evaporate slowly on a steam-bath or 
water-bath, with frequent stirring, until all the alcohol is removed and a 
nearly dry, powdery mass is obtained. This is mixed with sufficient hot 
water to enable it to be brought on a filter, which preferably should be 
smooth, and,- after thoroughly cleaning the dish by means of a glass rod, 
to which a piece of rubber tubing is attached, the contents of the filter 
are washed with successive portions of hot water until about 250 cc. of 
filtrate is obtained. To the filtrate, contained in a flask of one-liter capac¬ 
ity, is added 10 cc. of a 10% solution of sulfuric add, which causes the 
liquid to become much lighter in color, and with some kinds of material, 
such as Ilex leaves, a considerable predpitate is produced. In some cases, 
as with tea and guarana, it was found necessary to use 20 cc. of the above- 
mentioned add in order to prevent the formation of an emulsion on sub¬ 
sequently extracting with chloroform After the addition of the add, a 
small funnel is placed in the neck of the flask, and the liquid, which is at 
first gently heated until any frothing ceases, is kept in a state of active 
ebullition for half an hour. This treatment is for the purpose of hydrol¬ 
yzing any saponin that may be present. After being allowed to cool, the 
liquid is passed through a double moistened filter into a separatory funnel, 
the flask and filter being washed with small portions of about 0.5% sul¬ 
furic add. The dear add filtrate is then shaken with 6 successive portions 
of chloroform of 25 cc. each, which usually separates sharply and quickly, 
but, if not, can be made to do so by gently rotating the separatory funnel, 
or, if necessary, by the use of somewhat larger portions of chloroform. 
The united chloroform extracts are brought into another dry separatory 
funnel and shaken with 5 cc. of a 1% solution of potassium hydroxide, 
which serves to remove coloring matter. After complete subsidence of the 
chloroform solution it is passed through a small, dry filter into an Erlen- 
meyer flask, the alkaline liquid remaining in the separatory funnel being 
subsequently washed with two successive portions of chloroform of 10 cc. 

1 Tassilly, Bull. soc. chim„ [j ) 17,596 (1897). Compare also Maly and Andreaseh, 
Af onalsk., 4, 369-386 (1883). 
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each. These washings of the alkali are passed through the previously 
mentioned filter, and, after washing the latter with a little chloroform, 
they are added to the first chloroform solution. The chloroform is finally 
removed by distillation from a water-bath, the residual caffeine brought 
by means of a little chloroform into a tared beaker, and, after the solvent 
has been allowed to evaporate spontaneously, the caffeine is dried for half 
an hour in a water-oven and weighed. On heating for another half hour 
there is usually a further slight diminution of weight, and this second 
weighing may be considered to represent the correct amount of caffeine, 
which, when multiplied by ten, denotes the percentage. As so obtained 
the caffeine is nearly colorless, and possesses a quite satisfactory degree of 
purity. 

Control Experiments.—-In order to ascertain that no caffeine was lost 
in any of the described operations a number of control experiments were 
made. 

I.—Fifty g. of finely ground coffee was thoroughly extracted in a Soxhlet 
apparatus with warm alcohol, after which the material was dried on a 
steam-bath, moistened with 25 cc. of water, and allowed to stand for an 
hour. It was then extracted for 6 hours in a Soxhlet apparatus with warm 
chloroform, and the chloroform extract further treated according to the 
method of Lendrieh and Notthohm, 1 but no trace of caffeine was obtained. 
It was thus evident that the caffeine had previously been completely 
removed by extraction with alcohol. 

To 50 g. of matt 1 , which in two assays by the above-described method 
had been found to yield j.33 and 1.34%, respectively, of caffeine, was 
added an alcoholic solution of 0.5 g. of anhydrous caffeine, and the whole 
completely extracted with hot alcohol in a Soxhlet apparatus. This ex¬ 
tract was added to a suspension of 25 g. of heavy magnesium oxide in 500 
cc. of water, as in the case of all assays when 50 g. of material was used. 
After evaporating the mixture to dryness, the residue was treated with 
water, brought on a filter, and washed repeatedly with hot water until about 
one liter of filtrate was obtained. A portion of the aqueous filtered liquid, 
representing 10 g. of the original material, was heated with dil. sulfuric 
add, again filtered, and extracted with chloroform, when 0.2353 g. of 
caffeine was obtained. By deducting the amount of added caffeine, 
corresponding to o. 1 g., the yield of the latter from the mat£ was 0.1353 g. 
or 1.35%. This result afforded a further indication that the caffeine 
originally contained in the drug had been completely removed, and that 
no loss had occurred in the process of assay. 

II-—As the second step in the process consisted in evaporating the al¬ 
coholic extract of the drug with a suspension of magnesia, it was de em ed 
important to obtain the assurance that there was no loss of caffeine by 

1 Loc. cU. 
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adsorption or otherwise during this treatment. It may be considered, 
however, that in most cases the magnesia would be to a large extent with¬ 
drawn from action on the caffeine through its combination with the 
tannin and other acidic substances of the drug. 

To 5 g. of heavy magnesium oxide, mixed with ioo cc. of water, was 
added 0.2084 g. of caffeine, the mixture evaporated to dryness, and sub¬ 
sequently treated as in the described method of assay. The amount of 
pure caffeine recovered by extraction with chloroform was 0.2045 g- In 
another experiment 0.2118 g. of caffeine was added to a suspension of 10 g. 
of magnesia in 100 cc, of water, and the mixture treated as before. The 
amount of caffeine recovered was 0.2117 g. It will thus be seen that under 
the prescribed conditions the use of magnesia involves no loss of caffeine. 

It was observed in the course of the investigation that somewhat lower 
yields of caffeine were obtained by the use of light magnesia than with 
the heavy form, which is evidently due to the more gelatinous character of 
the mixture formed with the light magnesia, and the greater difficulty of 
removing the caffeine completely from it by washing. It was also found 
that the heavy magnesium oxide is of variable character, and some speci¬ 
mens designated as “chemically pure” contained considerable quantities 
of sodium carbonate. In one sample the amount of sodium carbonate, 
calculated as anhydrous salt, was 13 9%, and much sulfate and chloride 
was also present. Other samples contained 7.0 and 8.2%, respectively, 
of the alkali carbonate. 

In order to ascertain whether sodium carbonate in the proportion con¬ 
tained in the most strongly alkaline sample of magnesia caused any de¬ 
composition of the caffeine in the process of assay, the following experiment 
was conducted: Such an amount of anhydrous sodium carbonate as 
would be contained in 10 g. of the magnesia (1.39 g.) was dissolved in 100 
cc. of water, and 0.2003 g. of caffeine added. The solution was then 
evaporated to dryness, the residue dissolved in water, and the filtered 
liquid, amounting to 200 cc., extracted with 6 successive portions of chloro¬ 
form of 25 cc. each. The amount of caffeine recovered, dried at ioo 0 , 
was 0.1894 g. Although the loss in this instance was not very considerable, 
it is nevertheless deemed desirable that for the determination of caffeine 
by the proposed method the magnesium oxide should contain no appre¬ 
ciable amount of sodium carbonate, and it is also particularly important 
that the heavy form of magnesia be employed. 

III.—As one of the essential operations in the proposed method of 
assay consists in the addition of dil. sulfuric add to the aqueous liquid ob¬ 
tained by extracting the dry magnesia mixture with water, and maintaining 
the add liquid in active ebullition for half an hour, it was considered im¬ 
portant to ascertain that no loss of caffeine was thus incurred. 

To a solution of 0.2136 g. of caffeine in 200 cc. of water 20 cc. of io% 
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sulfuric add were added, and the liquid kept at the bolting temperature 
for half an hour. It was then allowed to cool and extracted with 6 suc¬ 
cessive portions of chloroform of 25 cc. each. The amount of caffeine ob¬ 
tained was 0.2119 g. It was thus evident that no loss of caffeine had been 
caused by this treatment. 

IV.—An experiment was finally conducted for the purpose of determin¬ 
ing that no loss of caffeine resulted by shaking its chloroform solution with a 
dil. alkali. 

0.2000 g. of anhydrous caffeine was dissolved in chloroform, and the 
solution shaken with 5 cc. of a 1% solution of potassium hydroxide. After 
separating the chloroform the alkaline liquid was washed with two small 
successive portions of chloroform, the united chloroform solutions passed 
through a small, dry- filter, the solvent removed, and the residual caffeine 
dried at 100°. The amount of caffeine recovered was 0.1982 g., which 
indicates that in the process of assay there is no loss of caffeine by the use 
of alkali for its purification. 

The degree of purity of the caffeine obtained by the proposed method of 
assay was ascertained by nitrogen determinations, using the Kjeldahl 
method As a control experiment a specimen of commercial caffeine, 
designated as U S. P., was examined. 

Suhs , o 1500 k (anhydrous) gave ammonia equivalent to 30 8 ec. of 0.1 N HC 1 . 
Found- 00431 N or o T493 g caffeine Purity 99 S%- 

The general applicability of the proposed method for the quantitative 
determination of caffeine has been ascertained by the examination of a 
number of vegetable products which differed greatly in their physical 
characters and composition. Although it is not desirable as a rule to 
employ more than 10 g. of material for the purpose of assay, in some in¬ 
stances 50 g. or even larger amounts were used in order to confirm the 
accuracy of the results. With such material as the so-called “caffeine- 
free coffee," which usually contains a very small proportion of caffeine, 
it is important that at least 20 g. should be used, and 50 g. would be 
preferable. The value of the method is believed to have been shown by 
the close concordance of the results obtained in several assays, and even 
with the larger amounts of material the figures are in remarkably dose 
agreement. 

The material examined in the course of this investigation, and the 
observations pertaining thereto, may be described as follows: 

t. Green Tea .—A sample of fair quality yielded in two 10 g. assays 1 98 and 3.01%, 
respectively, of caffeine. 

*. Black Tea (Oolong).—A sample of ordinary quality yielded in two 10 g. assays 
a-43 and 3.44%, respectively, of caffeine. The caffeine obtained from tea was quite 
white, and evidently of a high degree of purity. 

3. Mali or Porojuoy Tea .—(From species of He*.) Two 10 g. assays yielded, 
respectively, 1.44 and 1.46%, and in a jo g. assay 1.38% was obtained. 
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4. Coffee, Roasted Jam.— The yield in a 10 g. assay was 1.22%, and in two 30 g. 
assays 1.24 and 2.23%. 

5. Coffee, .Roosted Rio. —A 10 g. assay yielded r.12% and a 50 g. assay 1.07%. 
From 200 g. of the same cofiee 1.10% was obtained. 

6. Coffee, Roasted Santos. —A 20 g. assay yielded 0.96%. 

7. Coffee, Natural Santos.—A sample of this coffee was available which consisted 
of a mixture of (a) green and (i) dark colored beans. As the latter are rejected in the 
process of sorting, it was deemed of interest to ascertain the difference in caffeine con¬ 
tent of the two kinds of beans. 

(a) Green Beans. —A 20 g. assay yielded o 97% of perfectly white caffeine. 

(ft) Dark Colored Beans —A 20 g. assay yielded o 71% of nearly white caffeine. 

Although the dark colored beans contain an appreciably smaller proportion of 
caffeine than the selected ones, they would still appear to possess considerable value 
for the production of this substance. 

8. " Caffeine-free Coffee." —A sample of this preparation, in a 20 g. assay, yielded 
0.08% of caffeine, somewhat dark in color. 

Through the courtesy of Dr. Walter H. Evans, Chief of Insular Experi¬ 
ment Stations, U. S. Department of Agriculture, and Mr. T. B. McClel¬ 
land, horticulturist of the Porto Rico Experiment Station at Mayaguez, 
we have been able to obtain a quantity of coffee leaves and the pulp of 
the coffee berry. Mr. McClelland has kindly communicated the follow¬ 
ing information concerning them: 

“As the coffee plants are not given much pruning, the amount of leaves 
as a waste product would be negligible if large quantities were desired. 
A small amount of leaves could be obtained from November to January, as 
such pruning as is done is given immediately after the picking of the crop.” 

“Coffee pulp, immediately after breaking, represents approximately 
l /» of the total weight of the coffee berries as picked. About 5 pounds of 
coffee berries are required to furnish one pound of market coffee. As the 
Porto Rican crop varies roughly from thirty million to fifty million pounds, 
the amount of fresh pulp would run from fifty to eighty million pounds. 
The water content of this would be very high, and at present it is used 
only for manuring purposes It would be available from October to 
February.” 

9. (a) Coffee Leaves. —Several determinations of the amount of caffeine in air- 
dried leaves gave the following results: Two 10 g. assays yielded, respectively, 0.85 
and 0.86%, a 30 g. assay gave 0.85%. and from 100 g of the leaves 0,82% was ob¬ 
tained. The stems of the plant, separated from the leaves, were likewise examined, 
but in a 50 g. assay yielded only 0.087%. On extracting a larger portion (about 3 
kg.) of the steins with hot alcohol a considerable quantity of a handsome crystalline 
substance was obtained. This substance, after repeated crystallization from hot 
alcohol, separated in snow-white, felted needles, much resembling caffeine in appear¬ 
ance, but it gave no reaction for the latter compound by the extremely delicate murexide 
test, and differed otherwise in its properties. Its more complete examination will be 
undertaken for the purpose of determining its composition. 

9. (ft) Coffee Pulp. —This material, when thoroughly dried, yielded in a 10 g. 
assay a88% and in a 50 g. assay 0.90% of perfectly white caffeine. A preliminary 
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examination of the other constituents of coffee pulp has shown that they possess ohemiml 
interest, and it is intended to pursue their investigation 

It may mddentaliy be noted that in the National Standard Dispensatory, 
third edition, 1916, p. 356, the statement occurs in connection with coffee 
substitutes that "the pulp of the berry ( sarcocarp) is practically devoid of 
caffeine.” This is not in accordance with our observations, inasmuch as 
we have found the pulp to contain such an amount of caffeine as to render 
its utilization for the production of this substance worthy of consideration, 
especially in view of the enormous amounts of material available. 

10. Guarana —In order to obtain as much evidence as possible concerning the 
general applicability of the proposed method of assay, it was deemed desirable to 
determine the amount of caffeine in guarana, and for this purpose 10 g of material was 
employed As previously noted, it was found to be important, as in the case of tea, 
to heat the aqueous filtrate from the magnesia mixture with 20 cc. of 10% sulfuric 
acid, in order to effect the hydrolysis of the saponin substances before extracting with 
chloroform In the latter operation on account of the high percentage of caffeine, 
10 portions of chloroform of 2s ce each were emploved. The vield of perfectly white 
caffeine was 4 20 c e . 

For the purpose of comparison a determination of caffeine in the same 
material was made by the U. S Pharmacopoeia method of assay, when 
4.27^ of caffeine was obtained. The results by the two methods are 
therefore seen to be in very close agreement, but the newly proposed 
method is believed to possess some advantages over that officially adopted. 
One of these advantages consists in avoiding the use of a definite volume 
of a filtered chloroform solution, which is assumed to represent a certain 
proportion of the drug, since an appreciable error may be caused through 
volatilization of the solvent. There is, furthermore, a more economical 
use of chloroform, for by the proposed method this solvent is recovered, 
whereas the Pharmacopoeia directs it to be evaporated, and it is conse¬ 
quently lost. 

The results obtained by the examination of the above-described material 
are summarized in the following table, in which are recorded the yields of 
caffeine by direct gravimetric determinations and also by the determination 
of nitrogen in the products. 

The leaves of several plants have at various times and in different 
countries been used as a substitute for tea. An opportunity was afforded 
us of examining some of these tea substitutes in order to ascertain whether 
they contain caffeine. 

Ehretia macrophylla, Wall. (Fam. Borraginaceae). —A small quantity 
of the leafy twigs of this tropical plant was available through the Irindness 
of Mr. Geo. F. Mitchell, Supervising Tea Examiner of the Treasury 
Department, who had received it from Adn. Hernandez, Director of 
Agriculture in the Bureau of Agriculture of the Philippines. This plant 
is known in the Philippines as "Forest Tea," or by the vernacular name of 
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Chaa-bundoc. It is stated by Mr. Mitchell that the beverage prepared 
from it, while not objectionable, has no pronounced or characteristic 
flavor that would commend it to Americans. No trace of caffeine could 
be detected in it, and neither the leaves nor the stems of the plant re¬ 
sponded to the general tests for an alkaloid. 



Percentage yield of caffeine, 
gravimetric 

Percentage yield of caffeine, 
calculated from nitrogen. 

Name of material. 

10 g assay 

50 g assay. 

10 g. assay 

50 g. assay, 




I 95 


2. Black Tea (Oolong) . 

2 43; 2 44 


2 39 


3. MatC (Paraguay Tea)... 

1.44; 1 46 

1 38 

1 33;1 35 

r-32 

4. Coffee, Roasted Java_ 

I 22 

I 24: 1 25 

1 15 

1 16; i 18 

5. Coffee, Roasted Rio. 

I . 12 

I 07 

i 05 

I -OO 

6. Coffee, Roasted Santos... 

0 96 


0 93 


7. Coffee, Natural Santos: 





(0) Green beans. 

0 97 


0 94 


(b) Dark colored beans . 

0 71 


0 69 


8. “Caffeine-free Coffee” 

0 08 


O 06 


9. Coffee Leaves and Pulp • 





(a) Leaves. 

0.85 

0.85 

0 77 

0 77 

( b ) Pulp. 

0 88 

0 90 

0 80 

0 85 

10. Guarana. 

4 20 





Note.—A 200 g. portion of Rio Coffee yielded 1 to'’,, of caffeine and a 100 g por¬ 
tion of coffee leaves yielded 0.82% 


Ceanothus Amcricanus, Linnfi (Fam. Rhamnaceae ).—The leaves of this 
plant, commonly known as “New Jersey Tea,” are said to have been used 
as a substitute for tea during the American Revolution A small quantity 
of the leaves was collected by Dr. R. M. Harper on October 1 in woods 
near Washington. No caffeine could be found in the leaves, which, 
however, gave decided general reactions for the presence of an alkaloid. 

Psychotria undata, Jacq. (Fam. Rubiaceae ).—Through the courtesy of 
Mr. Charles T. Simpson, of Little River, Fla., a small quantity of the 
leaves and fruit of this plant was collected for us. Inasmuch as it be¬ 
longs to the same botanical family as that of the coffee plant, and is 
locally known as “wild coffee,” it seemed desirable to consider the possible 
presence of caffeine, but none of this substance could be found in either 
the leaves or the fruit. 


Washington, D. C. 














ILEX VOMTTORIA AS A SOURCE OP CAFFEINE- 


1307 


[Contribution from the Fhytochemical Laboratory, Bureau of Chemistry, 
U. S. Department of Agriculture.] 

ILEX VOMITORIA AS A NATIVE SOURCE OF CAFFEINE. 

By Frederick B. Power and Victor K. Chesnut. 

Received June 2 , 1919. 

In connection with the war activities of the National Research Council 
a question was submitted to the Chemistry Committee, of which at the time 
Lieut. Col. Bogert was chairman, respecting “the possibility of increasing 
the present production of caffeine, and the utilization of other sources than 
tea.” This problem was referred to one of the present authors, as chairman 
of the sub-committee on Pharmaceutical Chemistry, for investigation. 

The occurrence of caffeine in several distinct families of plants is quite 
remarkable, and it is also an interesting fact that it is chiefly the plants 
containing caffeine which have been employed in different countries for 
beverage purposes. In this connection it may furthermore be noted that 
the occurrence of caffeine appears to be restricted to certain species of a 
genus, for it has been stated that a number of species of Coffea do not 
contain it, and the same conditions have previously been observed, and 
now confirmed by us, with regard to plants belonging to the genus Ilex. 

The chief source of caffeine, as is well known, is tea, and for its commer¬ 
cial production the inferior qualities, damaged material, and the dust 
obtained by sifting the leaves are generally employed. Although the so- 
called Mats , Yerba Mats , or Paraguay Tea, which is said to be yielded by 
several South American species of Ilex, but is generally referred to Ilex 
paraguariensis, St. Hilaire, contains a notable proportion of caffeine, 
it appears not to be utilized for the preparation of this substance Never¬ 
theless, according to a report from William C. Downs, 1 commercial attach^ 
at Rio de Janeiro, the amounts of Yerba Mats exported from Brazil during 
the first 6 months of the years 1916 and 1917, presumably for beverage 
purposes, were, respectively, 40,441 and 24,483 metric tons. 

The occurrence of caffeine in the above-mentioned species of Ilex sug¬ 
gested a more complete examination of the North American species than 
had heretofore been made.* In an article published by Henry M. Smith,* 
under the title of “Yaupon,” the author states that this is “the name given 
by the Indians to the leaves of Ilex c as sine, a plant indigenous to the 
southern states, but found only along the coast from Florida to North 
Carolina.* Mixed with the leaves of other species of the same plant, 

1 The Official Bulletin, Washington, D. C., September 21,1917, p. j. 

* Compare Wehmer, Die Pflanzenslcje, 1911, pp. 456-457. 

* Sci. Am., March 30, 1872 and Am. J. Pharm., 44, 216 (1872). 

* According to recent information from Dr. R. M. Harper, the Ilex nomtloria is 
still known locally by different common names. It is commonly called ‘'yupon" in 
Virginia and northeastern North Carolina and also in Florida and Texas, "yopon” in 
southern North Carolina, and "caasena” in South Carolina. 
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Ilex vomitoria and Ilex dahoon, it formed 'Cassena,' the basis of their 
famous ‘black drink,’ which was used by the red men as a medicine, 
and as a state drink at some of their religious festivals.” The author has 
also noted that “Yaupon is largely used in the south as a substitute for 
tea, coffee, and other stimulants; and it is reputed to be very beneficial 
to inebriates who wish to cure themselves of the love of liquor.” The 
constituents of “Yaupon,” as recorded by Smith, such as volatile oil, 
resin, chlorophyll, gum, etc., render it evident that he employed for his 
investigation the unaltered leaves of the plant, and not the parched mix¬ 
ture of leaves and twigs to which the name “Yaupon' 1 is also applied. 
Smith 1 appears to have been the first to have noted the presence of caffeine 
in a North American species of Ilex, and gives the amount found as 0.122%, 
which was observed to agree very closely with the proportion of 0.13% 
found by Stenhouse in Paraguay tea. These very low percentages are 
doubtless to be attributed to imperfect methods of assay, since both kinds 
of material are now known to contain very much larger amounts of caffeine. 

An important contribution to the subject under consideration is a pub¬ 
lication by Dr. E. M. Hale, 1 entitled: “Ilex cassine, 3 the aboriginal 
North American tea; its history, distribution, and use among the native 
North American Indians.” After referring to the use of the shrub by our 
native Indians and by the white people who once adopted it as a beverage, 
Dr. Hale remarks that “the reason for its disuse is hard to discover, for, 
in common with the tea and matt:, it contains caffeine or a similar alkaloid. 
The object of this paper is to examine its history, to suggest its restoration 
to a place among the stimulant beverages, and to inquire into its possible 
economic value.” 

In a paper of much interest entitled, “Narcotic plants and stimulants 
of the ancient Americans," by W. E. Safford, 4 of the Bureau of Plant In¬ 
dustry, U. S. Department of Agriculture, the “black drink" of Florida and 
the Carolinas has been considered. This is accompanied by an excellent 
illustration of Ilex vomitoria and a reproduction of an old print, dated 
1564, showing the black drink ceremony as performed in northern Florida. 

In the above-mentioned publication by Hale reference is made to some 
analyses by F. P. Venable of leaves designated as Ilex cassine, which had 
been recorded at an earlier date. 6 It was stated by Venable that leaves 
procured from Newbem, N. C., during the winter of 1883 yielded 0.32% 

1 hoc cii. 

* U. S Dept. Agr,, Div. of Bot., BuU. 14, 1891. 

* Much confusion appears to exist with regard to the botanical names of certain 
species of Ilex The Ilex cassine of Walter (but not of Linni) is the Ilex vomitoria, 
Aitno, and, as we have shown, it is only the species to which the latter name is now 
assigned which contains caffeine. 

4 Annual Report of the Smithsonian Institution, 1916, p. 416. 

* Elisha Mitchell, Sci. Soc., 84, II, 85 (1883); Taja Jouxnav, 7, too (1885). 
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of caffeine, and that in the following May leaves obtained from the neigh¬ 
borhood of Wilmington, N. C., were found to contain 0.27% of caffeine. 

Experimental. 

Through the kind cooperation of Mr. Frederick V. Coville, botanist of 
the U. S. Department of Agriculture, Bureau of Plant Industry, we have 
been able to obtain a considerable number of representative samples of 
Ilex wmitoria for the purpose of chemical examination. This material 
was personally collected during the summer of 1918 by Dr. Roland M. 
Harper, who, through his previous botanical explorations in the south¬ 
eastern states, was thoroughly familiar with the plant and the localities 
where it is most abundant. In the present instance the leaves were col¬ 
lected at various places in the coastal region, extending from Virginia to 
Texas, and from plants growing under different conditions of soil and 
climate. In all cases the leaves, stripped from the branches, were sent to 
us immediately after gathering, and were then dried in the air, without 
artificial heat. The following enumeration of the different samples of 
leaves will indicate the localities from which they were obtained, and ref¬ 
erence will be made to these numbers in stating their caffeine content. 

1. Cedar IiJand, in Back Bay, Princess Anne Co . Va , (0) from plants growing 
wild, (b) from cultivated plants in garden at Munden, Va 2 Smith's Island, at month 
of Cape Fear River, N C 3 About 3 miles north of Georgetown, SC 4. Tvbee 
Island, Ga 5 Coquina hammock, Anastasia Island, Fla 6 Sandy hammock, in 
central part of Wakulla Co , Fla 7 St George’s Island, Franklin Co , Fla 8 Ham¬ 
mocks near Kountze, Hardin Co. Tex, (a) young leaves, (i>) older leaves. 9. Rocky 
banks of Bee Creek, Travis Co , Tex. 10 Bottoms of Brazos River, Brazoria Co., 
Tex 

In all of the above-mentioned samples the amount of caffeine was quan¬ 
titatively determined according to the method which has been fully de¬ 
scribed by us in the preceding paper It may be noted, however, that in 
the present investigation, for the purpose of control, quantitative de¬ 
terminations of the caffeine were also made with 50 g. of each of the 
samples, although ordinarily the use of more than 10 g. of material is 
neither necessary nor advisable. The same method of procedure as that 
already described 1 was followed, with the exception that for 50 g. of the 
leaves 25 g. of magnesium oxide was employed, and about one liter of 
aqueous filtrate was obtained. This was heated with 50 cc. of a 10% 
solution of sulfuric acid, and, after filtration, the liquid was extracted with 
20 successive portions of chloroform of 25 cc. each, the united chloroform 
extracts being finally shaken with 25 cc. of a 1% solution of potassium 
hydroxide. The results of the two series of determinations will be seen 
to be in dose agreement, thus indicating the accuracy of the method. 
This, moreover, has been confirmed by numerous assays of other vegetable 
* hoc. cit., p. 1300. 



IjlO SteSbEMCK S. POWS® AND VICTOR K. CHBSNOt. 


material of different character, 
publication. 

which are recorded 

in the preceding 

Amounts of Caffeine Found in Different Samples of Leaves, 

Percentage of caffeine. 

sample. 

10 g. assay 

50 g. assay. 

1(0). 

I 29;I 30 

125 

m . 

1 25 

I 21 

2 . 

0 57 

0.54 

3. 

0 95 

0 92 

„ 4. 

0 39 

0 38 

5. 

.. 0 99,0.99 

0 95 

6 . 

0 80 

0.78 

7 . 

0 40 

O 40 

8 (a). 

0 95 

0 89 

8 ( 6 ). 

. 0 32; 0 36,0 36 

0.35 

9 . 

.... 163; 167 

1 65 

JO. .... 

O 84, 0 88 

0 79 


In addition to the above-mentioned collection of leaves of Ilex wmitoria 
we were able to examine two samples of leaves from cultivated plants. 
These were procured through the kind cooperation of Dr. David Fairchild, 
of the Bureau of Plant Industry, and they were both definitely identified 
by Mr. W. E. Salford as the leaves of Ilex votnitoria , Alton. One of these 
samples, received early in September, was obtained from Glen St. Mary, 
Fla. Two 10 g. assays yielded 1.38 and 1.42%, respectively, of caffeine, 
and in a 50 g. assay 1.40% of caffeine was obtained. The other sample 
of cultivated leaves was received from a nursery at Augusta, Ga., and 
had been collected in the month of October. It was surprising to find that 
these leaves were almost completely devoid of caffeine. By the described 
method of assay 10 g. of the leaves yielded 0.17% of a product which was 
only partly crystalline. When this was treated with water, and the 
aqueous liquid evaporated, a color reaction was obtained by the murexide 
test which was comparable with that produced by o.x mg. of caffeine. 
In view of this anomalous result a sample of leaves was collected in the 
month of April from the same shrub and again examined. A 10 g. assay 
of the leaves yielded but 0.16% of a partly crystalline product, which, by 
comparative color tests, could not have contained more than about 0.5 
mg. of pure caffeine Although the amount of caffeine in the designated 
sample of cultivated leaves was so extremely small that it might easily 
have been overlooked, the fact of its presence afforded a satisfactory con¬ 
firmation of the botanical indentification of the leaves as those of Ilex 
wmiloria. 

It was deemed desirable, by nitrogen determinations, to ascertain the 
degree of purity of the caffeine obtained from the leaves of Ilex wmitoria 
although such determinations by the Kjeldohl method had previously 
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been made with the products of assay from a considerable variety of ma¬ 
terial, and with fairly uniform results. 

(a) Caffeine from a 30 g. assay of leaves from wild plants, collected near George¬ 
town, S. C. (No. 3). 

Subs., o t g gave ammonia equivalent to 19 1 ce o 1 If HCl, corresponding to 
0.0368 N or 00938 caffeine. Yield of caffeine, by weight, 0.93%; calc, from N, 083%. 

(b) Caffeine from a jo g. assay of leaves from cultivated plants, obtained from 
Glen St. Mary, Fla 

Subs., o 1 g. gave ammonia equivalent to 19 4 cc 01 N HCl, corresponding to 
00272 N or 00942 caffeine Yield of caffeine by weight, 1 40%, calc from N, 1 32%. 

It has already been noted that for the preparation of the so-called 
“black drink,” as in later times for making "yaupon tea,” the leaves of 
Ilex vomitoria were first parched before being infused or boiled with water. 
In order to ascertain whether the caffeine was destroyed by this treatment, 
a quantity of such material was prepared for us in the accustomed manner 
by a native of Virginia under the personal observation of Dr. R. M. 
Harper. The plants used for this purpose were those grown in a garden 
at Munden, Va., the leaves of which had previously been assayed for caf¬ 
feine, and are designated in the tabular list as 1 (b). As the material 
consisted of a parched mixture of broken leaves and stems, which had a 
very unpleasant smoky odor, it was necessary to grind the whole of it in 
order to obtain a uniform sample for the determination of the caffeine. 
Fifty g. of the resulting black powder was treated according to the de¬ 
scribed method of assay, when the yield of slightly yellowish caffeine 
was 0.5217 g. or 1.04%. Inasmuch as the material examined contained 
a considerable proportion of the woody stems of the plant, together with 
the leaves, both of which were in a more or less charred condition, the 
amount of caffeine found was quite unexpected. In comparing the caf¬ 
feine content of this material with that of the corresponding sample of 
leaves (1.21%), it should, however, be considered that it had been very 
much more highly dried 

The result obtained by the examination of the so-called "yaupoa" 
renders it evident that the high temperature to which the material had 
been exposed had not caused the destruction of the caffeine, and that 
a beverage prepared from it would possess decided stimulating properties. 

In the course of the present work it was deemed important to examine 
the leaves of all the available American species of Ilex for the presence of 
caffeine, although previous investigators had shown this to be absent in sev¬ 
eral species, including the European holly. Ilex aquifolium, lannf . 1 Sam¬ 
ples of leaves of the following species of Ilex were therefore obtained, and 
our thanks are due to Mr. W. E. Safford, of the Bureau of Plant Industry, 
for their careful botanical identification. 

Ilex cassine, Tinnf, from Tittle River, Fla. 

1 Compare Wehmer, Die Pfiatuensleffe, 1911, p. 436. 
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Ilex glabra, Gray, from vicinity of Orlando, Fla. 

Ilex laevigata, Gray, from East Hyatlsville Swamp, Md. 

Ilex myrtifolia, Walter, from plants cultivated at Glen St. Mary, Fla. 

Ilex opaca, Aiton, from different localities near Orlando, Fla., and also 
from vicinity of Hyattsville, Md. 

In none of the above-mentioned species of Ilex could any trace of caffeine 
be detected. 

Summary. 

The results of this investigation have demonstrated that an abundant 
source of caffeine is available in one of our native plants, namely, Ilex 
vomitoria, Aiton. Although considerable differences in the caffeine con¬ 
tent of the leaves of the plant have been found to exist, these are doubt¬ 
less attributable to varying conditions of soil and climate. It would there¬ 
fore appear that by the cultivation of the shrub under the most favorable 
conditions the supply of material for the production of caffeine could be 
increased to any desired extent. 

So far as has at present been ascertained no other North American 
species of Ilex than that above mentioned contains caffeine, and this sub¬ 
stance is also not contained in the leaves of the European holly. Ilex 
aquifolium, Linnd. 

In conclusion the authors desire to express their indebtedness to Mr. 
Frederick V. Coville, of the Bureau of Plant Industry, for his generous co¬ 
operation in securing most of the material for this investigation, and our 
thanks are also due to Dr. Roland M. Harper, who had so carefully col¬ 
lected the required samples of leaves of Ilex vomitoria over a wide range of 
territory 

Washwoton, D. C. 


NOTE. 

Correction.—In the articles on Halogenation XVII and XVIII appearing 
in the February, 1919 Journal, the following corrections should be 
made: 

P. 287, line 7 of article: for nitrite read nitrile. 

P. 288, line 17, read as follows: By the action of bromine on magnesium 
ethyl iodide, ethyl bromide is obtained. 

P. 292: Title of article should read “Direct Iodination.” 

R. L. Datta. 

7 8 Mauicktoda St., 

Calcutta, Ijtdia. 
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Chemistry in Old Philadelphia, ist Edition. By Edgar F Smith, University of 
Pennsylvania. J. B. Lippincott Company, Philadelphia, 1919 106 pp. 6 

figures. 34.5 X 16.5 cm. 

The volume is a brief but very interesting and valuable account of 
the many-sided activities, chemical, literary, and political, of the follow¬ 
ing men: deNormandie, Benjamin Rush, Priestley, James Woodhouse, 
Thomas P. Smith, Andrew and Henry Seybert, John Redmond Coxe, 
Thomas Cooper, W. H. Keating, Gerard Troost, and Joseph Cloud. 
On account of it, American chemists owe an additional debt to Dr. Smith 
for the light he has thrown on the development of chemistry in this coun¬ 
try. The subject is so interesting that one regrets that the book could 
not have been expanded and the contributions of the various men some¬ 
what more critically evaluated. We would wish to know more of what 
Rush himself did, personally or through his students, to carry on the in¬ 
spiration of Joseph Black. 

The work of Priestley in this country is but briefly noted, and must 
wait for a separate volume such as have detailed for us the work of Hare 
and Woodhouse. Special attention has been paid to the Seyberts, father 
and son, for their pioneer work in mineralogy, to Coxe, who was a philo¬ 
sophical rather than a practical chemist; and to Cooper, one of the most 
interesting figures of the period. In 1790 Priestley wrote a vigorous 
letter to Joseph Banks, the President of the Royal Society, protesting 
against the failure to elect Cooper to membership in the Society on ac¬ 
count of the radical political views espoused by Cooper. He evidently 
brought his vigorous political interest with him to this country to which 
he came in 1793 to see "whether it was a place fit to live in.” 

It would seem as if too much stress has been laid on deNormandie's 
analysis of the Bristow Mineral Waters and his application of quantita¬ 
tive methods. While the use of a balance was new in America, in Europe 
it was not an unusual procedure in water analysis at that time. The 
credit due to Lavoisier in this connection is not that he was the first to 
use the balance, but that he was the first to apply it to the general quanti¬ 
tative study of chemical reactions from the standpoint of the conserva¬ 
tion of matter; although even in this he had been preceded by Black, 
whose studies, however, while classic, were brief. 

Dr. Smith has cited a partial list of chemical texts which were re-pub¬ 
lished and oft-times re-edited in America. Most of these were of English 
origin. There might be added to the list of French works Lavoisier's 
Chemistry (1806), and Berthollet’s "Researches on the Laws of Chemical 
Affinity," Baltimore, 1809. The author of ‘‘Conversations on Chemistry” 
referred to is Jane (Haldemand) Marcet. The volume appeared in Eng¬ 
land in 1806, and probably the first American edition was issued from 
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Sidney’s press for Increase Cooke & Company (New Haven, 1809). This 
had as a frontispiece a picture of the pneumatic cistern at Yale Univer¬ 
sity. 1 John Griscom, the Quaker chemist, was in Geneva, Switzerland, in 
1818, and has the following paragraph in his journal: “We afterward 
called on Dr. Marcet and were introduced to his wife, known as the very 
sensible and judicious author of the “Conversations on Chemistry,” and 
more recently a work on “Political Economy.” 

Would it not have been of service, if it had been pointed out somewhat 
more clearly in this and Dr. Smith’s other most valuable volumes, that 
American Chemistry was not an isolated, independent development, but 
was simply a phase of the rapid growth that characterized science at that 
time in England and France. Many of the Americans had received 
much of their training in Paris, London and Edinburgh, and the discov¬ 
eries and reports on pure and applied chemistry, for instance, of Dalton, 
Davy, Gay-Lussac, Thenard, Nicholson, Accum and Ure were as familiar 
on this side of the Atlantic as on the other. There was constant exchange 
of knowledge and ideas across the ocean. It is no disparagement to the 
work in America to realize the close scientific association with the mother 
country. We must admit, too, that relatively few new things were dis¬ 
covered in America with the exception of Woodhouse’s oxyliydrogen 
blowpipe, and some of Hare’s contributions. There was shown, however, 
by the American chemists an eager desire to comprehend and substantiate 
the new theories of chemistry, together with a constant effort to repeat 
the practical experiments about which they had read, to spread the knowl¬ 
edge of chemistry abroad among the people, and to utilize it wherever 
possible for the further development of technical arts. These aims, 
although worthy of high praise, were not epoch-making. 

This volume can be heartily commended to American chemists, since 
there are few more interesting topics than the story of how the “Chemical 
Revolution" influenced the new republic. F. B. Dains. 

Essentials of Modern Chemistry. By Chaiujss E Diu. Henry Holt & Co., New 
York City, 1918. ix + 458 pp. 125 x19 cm fi.40. 

This is another text-book intended for secondary schools. In the pre¬ 
face the author says that his aim has been to make the book practical 
and to show the relation of chemistry to daily life without neglecting the 
fundamental principles upon which the science is based. He has ap¬ 
parently forgotten that another important ideal to be ever kept in mind 
is to teach the scientific method of thought while considering the facts 
1 An edition called "The Second American" appeared in Philadelphia the same 
year containing, in place of the description of the pneumatic cistern of Yale College 
and a note about Davy’s discovery of the alkalies, an " Appendix consisting of a de¬ 
scription, with a plate and the manner of using of the new hydro-pneumatic blowpipe 
Invented by Mr. Joseph Cloud, of the mint of the United States." 



NSW BOOKS. 


1315 


and principles of chemistry. The author also calls attention to the fact 
that the 4 chapters (XII-XV) dealing with the atomic theory, equiva¬ 
lent and molecular weights, valence, and equations have been grouped. 
To-day there are many chemistry teachers in schools and colleges who 
believe that the consideration of each chemical theory should be intro¬ 
duced only where it is really needed to explain certain phenomena. Cer¬ 
tainly we would prefer not to concentrate our study of these most diffi¬ 
cult topics in 4 successive chapters. But the author is undoubtedly on 
the right track when he discusses the principles of metallurgy by means 
of a few typical metals, such as iron and aluminum, instead of by a de¬ 
tailed description of a great variety of metals. 

Will this book stimulate the average boy or girl to study chemistry? 
This is at least doubtful because, in the first place, it is not written in an 
attractive style. Its bare concise statements of chemical facts read much 
like the syllabus of a course in general chemistry. It would require an 
exceptionally live and enthusiastic teacher to make such a book go. Then, 
too, its mechanical construction is far lielow the standard set by our best 
modern school books. Surely there is little excuse for muddy half-tones, 
ragged line cuts, and broken type. 

On the whole, there does not appear to be much of special interest in 
the book, although an experienced teacher will find here and there some 
clever methods of presenting certain difficult topics, such as mixture and 
compound, catalytic agents, combustion and fire extinguishers, fractional 
crystallization, ionizing agents, and the replacement series. 

N. Henry Black. 

Roxbijhy Latin School 
Boston, Mass 

The Chemical Analysis of Iron. Eighth edition By Andrew J. Blair. J. B. 

Lippiocott Co, Philadelphia, 1918. 31S pp. 102 figures. 22 5 X 16 cm fe 

In general appearance the latest edition of "The Chemical Analysis 
of Iron" is decidedly attractive. Its binding is good and its paper and 
typographical work excellent. The drawings for illustration, while not 
elaborate, are clear and usually show what needs to be known about a 
laboratory machine, or other laboratory apparatus. Without doubt the 
above factors have all contributed materially to the book’s popularity 
and somewhat to its usefulness. 

But these are not the main reasons why Blair's "Chemical Analysis of 
Iron” has so strongly appealed to chemists, and especial y to the young 
chemists. To these inexperienced men, the book is especially valuable, 
offering as it does many practical suggestions on a great variety of sub¬ 
jects, such as laboratory design, apparatus and chemicals. Moreover, 
the directions for the analytical work are generally given in detail and are 
frequently supplemented by reasons for the different operations. Again, 
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conditions leading to inaccuracies are discussed. This analytical detail 
and these discussions while valuable to the beginner are not so valuable 
to the experienced chemist. It is on this account probably that some chem¬ 
ists in large steel laboratories have dubbed analytical directions in this 
book “time killers.’’ Sometimes many methods are given for the de¬ 
termination of the same substance. Since an inexperienced chemist 
cannot always choose wisely it might have been better in the last revision 
to have eliminated some which are now more or less obsolete and whose 
main value is historical. On the other hand, the importance of certain 
subjects, noticeably the electric furnace and its uses in chemical labora¬ 
tories devoted to iron requires more elaborate treatment. 

The value of the book both to the experienced and inexperienced chem¬ 
ist is in no small measure due to the thorough development of the important 
subject of Alloy Steel Analysis. Everything considered, the book is 
worth while on the shelves of any chemical library. 

Frank W. Durkeb. 

Tufts Collbge 
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While one of us 1 was engaged in a study of general metabolism in the 
department of physiological chemistry at the Jefferson Medical College, 
great difficulty was experienced in the determination of sulfur by the 
sodium peroxide method in the composite sample of food used. Many 
of the samples either exploded or caught fire during the oxidation. Our 
greatest difficulty, however, was due to the fact that we could not get 
complete precipitation of the barium sulfate. Out of 9 experiments, 
7 gave an additional precipitate in the filtrate when it became diluted with 
wash water, in spite of the fact that the solutions had stood 48 hours after 
the barium chloride had been added. When the second precipitates 
Were added to the first the totals showed such a wide divergence that it 
was impossible to tell whether the sulfur balance was positive or nega¬ 
tive. It was consequently derided at the suggestion of Professor Hawk 
to study the problem a little more thoroughly. The present investiga¬ 
tion was, therefore, directed to a study of the oxidation of foods by sodium 
1 V. K. Kriebie and O. Bergeim, in prc.v> 
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peroxide and the precipitation of sulfates as barium sulfate in solutions 
containing large amounts of sodium chloride. 

The first objective was soon reached in a very satisfactory manner 
by mixing a suitable quantity of sodium carbonate with the second ad¬ 
dition of sodium peroxide in the fusion and subsequently heating just 
one side of the nickel crucible in order to start the oxidation locally and 
keep the rest of the mixture in the crucible relatively cool. 

The second problem is itot an easy one, for it involves the precipita¬ 
tion of barium sulfate in the presence of electrolytes. Many papers have 
been published on this subject and the general conclusion seems to be 
that no direct method is satisfactory. This seems especially clear from 
the recent work of Johnston and Allen, 1 Johnson and Adams, 1 and of 
Blumenthal and Gumsey. 3 Johnston and Adams showed that barium 
sulfate precipitated in a solution containing a large amount of electro¬ 
lyte had a relatively large amount of foreign substance occluded in the 
precipitate, and consequently estimation as barium sulfate in such a 
medium did not give accurate results. They showed, further, that this 
occlusion was much less if the barium sulfate was precipitated in a solu¬ 
tion of high acid concentration. Under such conditions, a certain amount 
of barium sulfate remained in solution so that the solubility had to be 
taken into consideration. They got, however, a granular precipitate 
and very concordant results in fairly strong hydrochloric acid solutions 
so that a correction could be applied and accurate results obtained. We 
therefore tried to apply this method to solutions high in sodium chloride 
such as are obtained in a sodium peroxide fusion. 

EXPERIMENTAL. 

Materials, Apparatus and Technique. 

All the samples of solutions for analysis were measured in either a 
10 cc. or a 50 cc. pipet. The same two pipets were used in all the de¬ 
terminations. Either “non-sol” or Jena glass beakers were used. Dis¬ 
tilled water was used, which did not give a test for sulfates. Mallinck- 
rodt’s c. p. sodium chloride was found to be free from sulfates. When 
not otherwise stated, precipitation was made with 10 cc. of 10% barium 
chloride solution without stirring during the addition of the precipitant. 
The barium chloride was added by means of a calcium chloride drying 
tube, with a small opening at the bottom which would allow the solution 
to drop at the rate of about to cc. in 4 minutes. If not otherwise stated, 
the precipitates were washed with 300 cc. of hot water. During ignitions 
a platinum lid was placed under the Gooch crucible and another one over 

1 J. Johnston, and E. T. Allen, This Jousnajl, 32, 588 (1910). 

* J. Johnston and L. H. Adams, Ibid., 33,.829 1,1911). 

• P. L. Blumenthal and S. C. Guernsey, Res. Bull., 16, Agr. Exp. Stfl., Iowa State 
Coil., 1905. 
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it. All weighings were made with the Gooch crucible in a glass-stoppered 
weighing bottle, counterbalanced by another one of about the same size 
and shape. The results in the tables are all expressed in milligrams. 

We used a solution of potassium sulfate as our standard sulfate solu¬ 
tion. We had two specimens of the salt, one manufactured by Schuchardt 
and the other by Baker & Adamson Both were recrystallized several 
times from water and then thoroughly dried in a hot air oven at250°. 
Two solutions were made up and equal amounts analyzed for sulfates, 
under identical conditions, with the following results: 

BaSO, Mg 

Schuchardt’s 248 1, 248 o, 248 o, 248 3, 248 2, 248 1 
Baker and Adamson 248 6, 248 7, 247 o 

As the two samples agreed we assumed that both were pure. 

The asbestos for the Gooch crucibles was prepared in a manner similar 
to that recommended by Folin. 1 It was placed in a suction flask with equal 
quantities of water and concentrated hydrochloric add. Air was drawn 
through it for several hours. The asbestos was then removed, washed 
with water and the process repeated. After again washing thoroughly 
with water the asbestos was placed in the crucibles a little at a time and 
well packed with a glass rod after each addition. A thickness of about 
'/« of an inch was used. 

We first tried the predpitation of sulfates as barium sulfate in the pres¬ 
ence of large amounts of hydrochloric add without any sodium chloride 
present. 50 cc. of our potassium sulfate solution, equivalent to 251 mg. 
of barium sulfate, was diluted to 350 cc. with water and 50 cc. of cone, 
hydrochloric acid. Precipitation was made near the boiling point with 
10 cc. of io i ,[ barium chloride solution. The solutions stood 48 hours 
liefore filtering. 

Table I 

Precipitation of Barium Sulfate m the Presence of 30 Cc of Cone. Hydrochloric Acid 
without Sodium Chloride. 

Wt. m mg, 249s, 2508, 2498, 250.2, 2500, 2508, 2501, 2505, 2500, 250.4, 
Average, 250.4 

This table confirms the dew of Johnston and Adams that it is possible 
to get very concordant results in the presence of high add concentration. 
We also found that the precipitate was very granular and easy to manip¬ 
ulate. It is interesting to note that the errors caused by oedusion of 
potassium sulfate and the solubility of barium sulfate balance each other 
so that theoretical results are obtained. 

The experiments recorded in Table II were carried out in the same way 
except that 50 g. of pure sodium chloride was added to the solution be¬ 
fore the volume was brought up to 350 cc. In Cols. 1 and 2 only 10 cc. 

1 J, Biol. Ckem., 1, J47 (1905). 
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of the potassium sulfate solution was used, which is equivalent to 50.2 
mg, of barium sulfate. 

Table II. 

Precipitation of Barium Sulfate in the Presence of jo g of Sodium Chloride in 350 oc. 

of the Solution. 


10 cc. of potassium sulfute solution. 

50 cc of potassium 

2 cc of cone HCl. 

Mg 

10 cc of cone. HCl 

Mg 

sulfate solution 

50 cc of cone HCl 
Mg 

52.6 

51 6 

248 0 

51-7 

50 5 

243 3 

S3 3 


248 2 

52 2 


248 7 

53 5 


248 1 



248 0 



248 1 

Average, 52 7 

51.1 

248 2 


This table shows several important facts. First, it confirms the re¬ 
sults of former investigators that in the presence of 2 cc. of cone, hydro¬ 
chloric add, which is the usual procedure, the weights obtained are in¬ 
variably too high. Second, it seems to show that very constant results 
can be obtained even in a very high concentration of sodium chloride. 
These results were gratifying, as from them it appeared that our chief 
difficulty had been solved. 

We next investigated the solubility of barium sulfate in the filtrate; 
the occlusion of sodium and potassium sulfate and the occlusion of chlorides 
in the barium sulfate. We used the method given by Johnston and Allen 1 
for determining the solubility of barium sulfate. The results were as 
follows: 

Table 111. 

Solubility of Barium Sulfate in 350 cc containing 50 cc of Cone Hydrochloric Acid. 
Without sodium With 50 g of *odiimi 

chloride Mg chloride Me 

65 6 i ) 

60 s I 

5 3 

6 3 
6 4 
6 r 

Average, 6. i Average, 6 o 

We agree with Johnston and Allen that the solubility of barium sul¬ 
fate is not appreciably affected by the presence of sodium chloride. Our 
results are very much lower than their results as they give about 30 mg. 
for the same volume, but this discrepancy is no doubt explained by the 
fact that we used a greater excess of barium chloride which would neces¬ 
sarily decrease the solubility of barium sulfate. 

The determination of the occlusion of sodium and potassium sulfate 
in the barium sulfate was also done by a method suggested by Johnston 
‘ Lot. oit. 
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and Allen. 1 The method Is briefly as follows: The precipitate is dis¬ 
solved in cone, sulfuric acid, the solution diluted with a large amount of 
water, the barium sulfate filtered out, and the filtrate evaporated down arid 
ignited. We added 10% to our actual results, as Johnston'and Adams 
find that only 90% of the occluded sulfate is obtained in one solution and 
precipitation. The results are given in the following table - 

Table IV 

Occlusion of Potassium Sulfate. 

Potassium sulfate CaJc as barium 


found 

Mg 

sulfate 


8 

8 

t l 

8 

9 

4 

12 

6 

9 

8 

13 

I 

Average, 9 

3 

1 1 

5 


The determinations were made on precipitates weighing 500 mg., which 
were obtained under the same conditions as the results given in Table I. 
In Table V we have the occlusion m precipitates obtained under the 
same conditions as those given w Table II, using 50 cc. of cone, hydro¬ 
chloric acid. These experiments were also made on 500 mg. of barium 
sulfate. 

Table V. 


Occlusion of Sodium Sulfate. 

Calc as sodium 

Calc as banum 

%uUatc M |? 

>>uH&te Mg 

>3 7 

22 0 

M O 

3 

13 9 

22 9 

Average, 13 3 

22 5 


We assumed that the occluded sulfate was sodium sulfate in this series 
on account of the huge preponderance of sodium in the solution. 

The occlusion of chlorides was determined by a method developed by 
Hulett and Dusehak. - The ignited barium sulfate is dissolved in cone, 
sulfuric acid and the hydrochloric acid liberated is extracted with air 
which then passes through a salver nitrate solution, where the acid is 
precipitated as silver chloride. 

Table VI 

Occlusion of Chloride. 


Calc as 

barium cblonde 


Wt of bunuin sul 
fate used Mg 

Without sodium 
ehlondc Mg 

With SO £ cd sodium 
chloride Mg 

251 

8 3 

9 2 

*S» 

9 2 

9 2 

So 


1 8 

50 


2 6 

So 


3-0 


1 Loc. nt, 

5 G. A. Hulett and I. H Dusehak, 7 . onorg. Ckem , 40, 196 (1904). 



IJ32 


VSBNON E. EMBBLE AND AUTRBY W. MANGUM. 


Hulett and Duschak have shown that the amount of occluded chlorides 
does not increase very much if the barium sulfate is precipitated in the 
presence of hydrochloric add, and apparently the presence of large amounts 
of sodium chloride in addition to hydrochloric add has very little effect. 

It is interesting, though perhaps not very instructive, to calculate the 
total sulfate obtained, allowing for the solubility of the barium sulfate 
in the filtrate, the ocdusion of the potassium or sodium sulfate, and the 
occlusion of chlorides. 

Johnston and Adams’ assume that in high add concentration the potas¬ 
sium sulfate is ocduded as potassium hydrogen sulfate and that during 
the ignition the reaction 2KHSO< = H2SO4 4 - KjSCb takes place. The 
correction to be applied to bnng the occluded potassium sulfate to barium 

sulfate is, therefore, represented by the formula 2I — — ) — y, 

V NajSCh / 

where y represents the amount of ocduded potassium sulfate as deter¬ 
mined by experiment. The above authors have made a slight error in 

their correction, as they calculate it by the formula i\ — 1 ————JXy. 

\ Na*S 0 4 / 

Our results agree much better, however, if we assume that no sulfuric acid 
is lost. This is quite possible as the sulfur trioxide may have displaced 
chlorine in the ocduded barium chloride which was present in excess. Un- 
fortunatdy, we were not able to prove that no sulfuric acid came off 
during ignition, as we did not have the necessary apparatus. All the 
determinations in the following two tables were made with a volume of 
350 cc. and with 50 cc. of cone, hydrochloric add. The predpitations 
were made at temperatures near the boiling point of the solutions The 
solutions were filtered 48 hours after precipitation. The calculated wdght 
of barium sulfate for the amount of potassium sulfate used is 251 o mg. 

Tabus VII. 

Total Sulfate 


Wt. of predpitate . 

Ms 

250 6 

250 8 

Mg 

230 0 

Mg 

230 6 

Mg 

249 8 

Corr. for ocd. of K»SO, (Av ) 

i 6 

1 6 

I 6 

I 6 

) 6 

Solubility of BaSO< (Av.) . . 

6 1 

6 1 

6 1 

6 1 

6 1 

Occlusion of BaCIi (Av ) 

258 3 

8 6 

258.5 

8 6 

337 9 

8 6 

258 3 

8 6 

357 5 
8 6 

Total sulfate. 

249.7 

249 9 

349 3 

249 7 

248 9 


If it is assumed that a molecule of sulfuric add escaped for every mole¬ 
cule of potassium sulfate remaining in the ignited predpitate, another 
6.3 mg. would have to be added to the total. 

1 Lot. tit. 
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It is rather astonishing that by making the same assumption in regard 
to the occlusion of the sulfate and chloride very good results are obtained 
when 50 g. of sodium chloride is present. It is hardly plausible, however, 
that in this case all the occluded sodium should be present as sulfate or 
all the occluded chloride as barium chloride. 

Table VIII 

Total Sulfate with so g. of Sodium Chloride 


Wt. of precipitate . . 

Mr 

248 t 

Mg 

248 O 

Mg 

248 1 

Mg 

248 O 

M* 

248 3 

Cott. for occl. of Na,SO, (Av ) 

4 6 

4 ^ 

4 6 

4 6 

4 6 

Solubility of BaSO, (Av ) 

6 0 

6 0 

6 0 

6 0 

6 0 

Occlusion of BaCIi (Av ) 

258 7 

9 2 

258 6 

9 2 

258 7 

9 2 

258.6 

9 2 

258.9 
9 2 

Total sulfate 

249 S 

249 4 

249 5 

249 4 

249 7 


We, however, were not primarily interested in the mechanism of the 
precipitation of barium sulfate, but rather a satisfactory method for the 
estimation of sulfur in food. We therefore tried next to improve the oxida¬ 
tion sufficiently to avoid explosions and fires during the fusion with sodium 
peroxide. We began our experiments using powdered blood albumen. 
Two g of the material was placed in the bottom of a nickel crucible bold¬ 
ing about 100 cc. Two cc. of water was added and the mixture stirred 
with a nickel stirring rod. Five g of sodium carbonate was then added 
and the whole well mixed. Sodium peroxide, about 8 g , was now added 
in small amounts with stirring until the mass became dry and granular. 
The crucible was then carefully heated with a Barthel alcohol lamp and 
the mixture constantly stirred until a brown homogeneous fused mass 
was obtained Then the lamp was removed and the crucible cooled, 
after which another 8 g. of sodium peroxide and 2 g. of sodium carbonate 
were added. The crucible was again heated with the flame pointing at 
one side of the crucible opposite the inside level of the contents. The 
object was to get the ignition started locally without getting the whole 
crucible and contents warmer than necessary. After the ignition started, 
the lamp was quickly removed and the crucible covered with a lid. Usually 
the reaction continued until all the contents were fused but sometimes 
more heat had to be applied. Alter the mass had thoroughly fused, the 
lamp was put under the crucible and the heating continued for 10 minutes, 
during which the crucible was turned from side to side in order to make 
sure that all the fragments adhering to the sides were thoroughly oxi¬ 
dized. After the crucible and contents were cool, they were placed in a 
beaker containing about 100 cc. of water, and placed on a hot plate and 
digested until all the material was dissolved. The crucible was removed 
and washed, and the wash water run into the beaker. The solution 
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was then carefully neutralized with cone, hydrochloric add, and the de¬ 
sired amount of excess hydrochloric acid added. This method worked 
fairly well on blood albumen—about one explosion in 4 fusions—but was 
qnite unsatisfactory with composite food samples having an average 
amount of fat. One of these samples was made up of 2 parts of milk, 
2 of meat, 2 of corn flakes, one of egg yolk and 4 of soda biscuit. The 
second sample was the same as the first, except that potato chips were sub¬ 
stituted for the egg yolk. The ingredients, however, came from a differ¬ 
ent source. The materials had alt been dried at no° before they were 
mixed. In these experiments the explosions were much more numerous. 
We, therefore, increased the amount of sodium peroxide to 26 g. and the 
sodium carbonate to 8 g. The procedure remained the same until the 
first heating was completed, then instead of adding about 8 g. of sodium 
peroxide enough was always added to bring the total for each oxidation 
to 26 g. After this 3 g. of sodium carbonate instead of 2 was added and 
mixed with the peroxide. The second heating was then carried out as 
before, i. e., by starting the ignition at one point instead of heating the 
whole crucible. We found that this method is quite satisfactory for from 
2 to 3 g. of organic material It was tried on some 50 samples of oats, 
hay and straw without a single fire or explosion. With composite food 
samples it was very nearly as successful, the loss being one in 10 to 12 
fusions. The method was submitted to one of the American Agricultural 
Experiment Stations, where it has been used with success for some time. 

TaBBS IX 

Analyses of Organic Materials 
Blood Albumen, 


Mg BuSO< Mr XUS'>4 

Lxctus cone HU 2 tc 50 cc 

163 2 157 2 

161 4 155 » 

166 g 135 2 


Composite Food I 

38 3 

39 2 
39 6 
39 7 


47 6 
4$ o 

37 5 
46 S 
49 6 
44 S 
42.4 
49 5 
50.6 
44 5 
32 o 


19 5 
14 9 
21 1 

21 4 
35 3 

33 5 

34 3 
34-0 


Composite Food If 
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The dear solutions obtained from the above fusions by neutraliza¬ 
tion and filtration were diluted with water to a volume of 350 cc. after 
adding the stated amount of hydrochloric acid. 10 cc. of 10% barium 
chloride solution was added when the temperature was near the boiling 
point and the solutions were allowed to stand for 48 hours before filter¬ 
ing. 

Until the results given in Table IX were obtained, it was thought that 
precipitation made in high acid concentration would insure complete 
predpitation of barium sulfate in the presence of a large amount of sodium 
chloride. The filtrates from the first 4 determinations given in the above 
table under Composite Food II with 50 cc. of cone, hydrochloric add 
contained barium sulfate after they had stood for several days. 
The same was true of many determinations with 2 cc. of cone, hydro¬ 
chloric add. Apparently small amounts of sulfate are not completely 
nor uniformly precipitated in a cone, hydrochloric add and sodium chlo¬ 
ride solution, although precipitation seems to be complete under the same 
conditions when the amount of sulfate is much larger. To make sure 
that this incomplete precipitation was not due to something present in 
either the chemicals used or the food itself which might act as an anti¬ 
catalyst, we performed a series of experiments with pure sodium chloride 
and potassium sulfate. The experiments were carried out under the same 
conditions as those of Table II, except that we used 10 cc. of our potas¬ 
sium sulfate solution, which is equivalent to 50.2 mg. of barium sulfate. 
The results are given in the following table' 

Table X 

Precipitation of Small Amounts ol Barium Sulfate iu the Presence of 50 g of Natl, 
and 50 cc of cone HC 1 , in 330 cc. 

Mg. BaSO,. 

46 7 48 1 

45 1 46 ' 

36 6 37 6 

37 t>. 42 4 

44 3 

It is quite evident from these results tlrnt the incomplete precipitations 
noted in Table IX were not due to any substance in the food As we had 
such excellent results with larger amounts of sulfate present, it was con¬ 
sidered possible that better results might be obtained by slightly changing 
the conditions under which the precipitation was made. 

In Table XI are given the results obtained by adding the barium 
chloride at various temperatures. In the last 3 determinations the solu¬ 
tions were kept near the boiling point on the hot plate for at least 5 hours 
after the barium chloride was added. All the experiments were made in 
the presence of 50 g. of sodium chloride and 50 cc. of cone, hydrochloric 
add. All the solutions stood 48 hours before filtering. 
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Table XI. 

Temperature Effect on Barium Sulfate Precipitation. 


Volume. 

Temperature. 

Farium sulfate 

Cc. 

Degrees. 

found. 

500 

23 

34-4 

500 

23 

39.8 

500 

231 

32-5 

350 

So 

39-i 

35° 

so 

40. z 

35° 

80 

40 0 

35° 

b, p. 

46.7 

35 ° 

b. p. 

46.1 

35 ° 

b. p. 

45 » 

35 ° 

b. p 

5 i 6 

35 ° 

b p. 

5 ° 5 

35 ° 

b. p. 

42 4 

35 ° 

b. p. 

44 3 

35 ° 

Precipitated near h. p., stood 96 hrs. 

47 3 

35 ° 

Precipitated near b. p., stood 96 hrs. 

46 1 

35 ° 

Precipitated near b p., stood 96 hrs. 

47 f> 

35 ° 

Precipitated at b. p. and heated 5 hrs. 

176 

35 ° 

Precipitated at b. p. and heated 5 hrs. 

27 6 

35 ° 

Precipitated at b. p. and heated 5 hrs. 

37 2 


Calc. 

50 2 


The above determinations indicate that the best results arc obtained 
when the barium chloride is added at the boiling point of the solution, 
but that even at this temperature precipitation is not always complete. 
No great advantage is gained by letting the solutions stand an extra 24 
hours. Since most of the barium sulfate is precipitated in those experi¬ 
ments where the barium chloride was added at the boiling point, it is 
astonishing that keeping the solutions at this temperature for several 
hours and then allowing them to stand for some 40 hours at the room 
temperature gives such poor results. 

In a few experiments the solution was stirred for 3 hours after the 
barium chloride was added and then allowed to stand for 48 hours, but 
no great advantage is gained by this procedure. The quantities used 
were the same as in the last table. The barium chloride, however, was 
added at the room temperature. The results on two experiments were 
41.6 and 42.6 mg., respectively. 

Having found no conditions under which complete precipitation of 
small amounts of sulfate in the presence of large amounts of sodium 
chloride could always be obtained, it was decided to resort to an evapora¬ 
tion method. Johnston and Adams 1 have stated that evaporation im¬ 
mediately after precipitation will give satisfactory results. This, no 
doubt, is true under all ordinary circumstances, but it apparently does 
not hold in a concentrated electrolyte, according to our results m Table 
1 Lee. til. 
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XII. Precipitation was made near the boiling point in a volume of 350 
cc. containing 50 g. of sodium chloride and 50 cc. of cone, hydrochloric 
add. The evaporations were made immediately on a hot plate in Jena 
glass beakers. 

Tabus XII 

Method of Evaporation of Johnston and Adams 
BaSO<: 266 2, 25a 5, 262.8, 250 2, 252 2 mg. Calc., 251. 

In the next series of experiments the solutions were allowed to stand for 
48 hours after the barium chloride was added before they were evaporated. 
The other conditions were the same as in the above series except that the 
amount of potassium sulfate used was cut to one-fifth. 

Table XIII 
Method of Evaporation 

Evjporation after filtering Jvvaporation without filtering 

BaSOi 

Mg Mi. 

53 6 55 7 

54 9 55 6 

54 7 
54 4 
56 2 
54 H 
54 5 
54 1 

Calc , jo 2 

In a few cases the barium sulfate was filtered out at the end of 48 hours 
before the solution was evaporated. The residue from the evaporation 
was then taken up in water slightly acidulated with hydrochloric add 
and filtered through the same filter paper. This extra manipulation, 
however, is not justified as the results are about the same as those ob¬ 
tained without filtering. All the results are a few mg. too high, but they 
are sufficiently consistent that a correction can be applied. We feel 
that results obtained by this method are far more satisfactory than those 
obtained by the usual procedure. We analyzed composite food II again 
using the above method, and obtained 47 7, 48.4 and 46 a mg. of barium 
sulfate after correcting for the oedusion. 

Our Proposed Modification of the Sodium Peroxide Method. 

We propose that the determination be carried out in the following 
way: A suitable quantity (2-3 g.) of the organic material is placed in 
a nickel crucible which holds about 100 cc. From 2 to 3 cc. of water is 
added and the mixture well stirred with a nickel stirring rod. 5 g.of 
sodium carbonate is then added and the whole well mixed. Sodium 
peroxide is now added in small lots, stirring after each addition until the 
whole mass becomes dry and granular. The crucible and contents are 
then carefully heated with a Barthei alcohol lamp until the mixture be- 
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comes a homogeneous well-browned fused mass, stirring being continued 
during the heating. The crucible is then partly cooled and enough sodium 
peroxide added to make a total of 25-26 g. 3 g. of sodium carbonate is 
also added and mixed with the peroxide. The crucible is then heated by 
pointing the flame at a position opposite the level of the contents until 
the first signs appear that the oxidation has started, when the flame is 
removed and the lid placed on top of the crucible. When this first igni¬ 
tion does not melt the contents completely, the heating must be continued 
in a similar way. The heating is usually continued for 10 minutes after 
the mass is thoroughly fused. During this heating the crucible is in¬ 
clined from side to side to insure that all the material sticking to the walls 
is thoroughly oxidized. After the crucible is cool it is put into a large 
beaker containing about 100 cc. of water, placed on a hot plate, and di¬ 
gested until the contents are all dissolved. The crucible is then washed 
and removed and the solution neutralized with cone, hydrochloric acid 
and filtered if necessary. 50 cc. of cone, hydrochloric acid is now added 
and the solution brought to a volume of 350 cc. The solution is 
brought to boiling, then removed from the hot plate and precipitation 
made with 10 cc. of ro% barium chloride solution, added by means of 
a dropper, at the rate of 10 cc. in about 4 minutes. After standing for 
48 hours, the solution is evaporated to dryness on a hot plate and the 
precipitate taken up with water. One to two cc. of cone, hydrochloric 
arid is added. After standing for about 18 hours the precipitate is col¬ 
lected in a Gooch crucible, washed, dried, ignited to constant weight, and 
weighed in the manner which has already been given in this paper. 

The results obtained by the method will be high. A correction should 
be applied, derived from a comparison of the amount of barium sulfate 
obtained by making a determination on a solution of sodium or potassium 
sulfate with the calculated amount. This solution should be of such 
strength that the amount taken should give about the same amount of 
barium sulfate as obtained from the food. The analysis of this synthetic 
solution should be made in exactly the same manner as the analysis of 
the sample of food. It is obvious that if the amount of silica is apprecia¬ 
ble it must be removed in the usual manner before precipitation is made. 

'Hiis method is long and rather tedious and we do not propose that it 
should be used indiscriminately. Of many substances in which the sulfur 
content is relatively high, a suitable quantity can be oxidized with much 
less peroxide and consequently an evaporation may not be necessary to 
precipitate all the barium sulfate. But we do believe that when the sulfur 
content of the material is low and when difficulties from fires and explo¬ 
sions are encountered, our modification is a decided improvement both 
in the oxidation process and in the final estimation of sulfates. 

MontMai, Canada 
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(Contribution prom the Severance Chemical Laboratory of Obbrlin College. ) 

THE VIBRATION AND SYNERESIS OF SILICIC ACID GELS. 

By Harry N. Holmes, Wilford E Kaufmann and Henry O. Nicholas. 

Receivtd May 31, 10!** 

In earlier work with silicic acid gels one of us noticed a sound-producing 
vibration when the vessel containing a certain gel was lightly tapped. 
Kohlrausch 1 and Hatschek 2 made similar observations, but did not in¬ 
vestigate the phenomenon. Evidently it was not very striking. W. E. 
Henderson 3 secured some vibration with a ferrous hydroxide gel. 

We planned a study of the conditions affecting vibration frequency of 
the gel hoping to throw some light on the structure of gels, and the cause 
of the vibration. 

The Pitch of Vibration. 

A “water white" sodium silicate solution was poured into an equal 
volume of acid and the mixture allowed to set to a solid gel. The water 
glass used was free from iron and was found, by analysis, to be i Na s O : - 
3 27 SiOj. When diluted to a specific gravity of i .06 it was neutralized 
by an equal volume of o. 54 N acid,using phenolphthalein as an indicator. 
The time of "set’’ varied from minutes to weeks depending on concentra¬ 
tions and other factors. All tubes of gels were corked to prevent drying. 

Preliminary experiments with ordinary test-tubes indicated that an 
excellent mixture for vibration study was made by adding water glass 
of 1 15 sp gr. to an equal volume of 6 A’ hydrochloric add. This set 
to a solid gel in about one hour and reached its highest vibration frequency 
in about two days. 

Before any exact measurements of pitch could be made it was necessary 
to standardize such conditions as diameter and length of tube. It was 
found that gels in tubes S inm. in diameter cracked badly in 3 days even 
though the tubes were corked. Gels in 14 mm. tubes did not crack in two 
weeks, this difference of behavior being probably due to the deeper men¬ 
iscus in narrow tubes. We found that above a certain minimum length 
of gel column for each lube the pitch did not change with increase in 
length. In a 155 mm. test-tube this minimum length was 40 mm. With 
this exception extra length of tube above the gel had no effect. Tubes 
of wood, brass, porcelain, etc., were tried and were also found to allow 
vibration, but the advantage of convenience lay with glass tubes. 

We finally decided to use ordinary test-tubes 150 X 17 mm. The vol¬ 
ume of the gel mixture in each experiment was 20 cc., more than half 
filling the tube. When we came to measure the exact pitch of the vibra- 

1 Z. phys, Chern ., la, 773 (1893V 

* Introdut lion to the Physics and Chemistry of Colloids, Blakistons, 1916, 2nd edition. 
Page 55. 

* Private conummicatiou. 
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ting gels other difficulties were experienced. The quality of sound pro¬ 
duced on tapping the tubes of gel was so different from the tone of a piano, 
siren or sonometer that we were unable to get accurate comparisons. Re¬ 
course was had to an old music box in which the sound was produced 
when metallic teeth of different length were struck on a revolving cylinder. 
This keyboard was readily calibrated as to the exact vibration frequency 
of each tooth, and produced a tone sufficiently similar in quality to that 
of the vibrating gels. Tuning forks would have served, but were incon¬ 
venient. 

As stated above, the pitch did not vary with the length of the gel column. 
For example, gel columns 60 mm., 90 mm. and 120 mm. in length, but of 
equal diameter, vibrated, on tapping, with a frequency of 1024 per second, 
two octaves above middle C, indicating that the vibrations are not longi¬ 
tudinal. We then prepared columns of equal length but different diameters. 
The vibration frequency of the column 34 mm. in diameter was 341 per 
second; of the column 23 mm. in diameter, 640 per second; of the column 
15 mm. in diameter, 1152 per second. Evidently the vibration frequency 
varies approximately inversely as the diameter, and consequently the 
vibrations are transverse. 

We found that the pitch rose with increase in the concentration of the 
silicic acid formed. This is shown in Fig. i, which is given in two parts 
for clearness. The abscissa represents the density of water glass solu¬ 
tion which was mixed with an equal volume of 4 N acid. Since the water 
glass of 1.06 density is neutralized by an equal volume of 0.54 N acid 
the excess of hydrochloric or other acid used can be determined by sub¬ 
tracting the appropriate values from 4 N. As there was more than enough 



Fig. i.—Relation of Silicic Add Concentration to Vibration Frequency. 
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add added to release all the silicic acid the curves actually represent the 
pitch corresponding to different concentrations of silidc add. 

It is important to note that the pitch is higher with gels made by the 
use of the more highly ionized acids. This fact led us to study the effect 
of excess hydrogen-ion concentration on a definite concentration of silidc 
add. We added to water glass of 1.12 sp. gr. more than enough acid to 
react completely with the sodium silicate. Six samples were taken and 
6 different adds used. In all experiments the actual amounts of silidc 
add liberated were the same. Fig. 2 shows curves for gels involving the 
use of 3 organic and 3 mineral adds. 



Fig. 2.—Relation of Excess Add to Pitch of Vibration. 

It is evident that the pitch rises with increase in concentration of hy¬ 
drogen ion, up to a certain point, in the case of gels made by mineral 
adds. The pitch of sulfuric acid gels is lower at all corresponding 
points than that of gels made with the more highly ionized hydro¬ 
chloric or nitric adds. A startling contrast is found in the behavior of 
geb made with organic acids. With increase in excess of acetic, pro¬ 
pionic or formic adds the pitch falls. It is true, of course, that the sodium 
acetate formed in the reaction of sodium silicate with acetic add represses 
the ionization of the acetic acid excess so that the hydrogen-ion concen¬ 
tration is less than with similar gels made with the stronger adds- This, 
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however, does not account for the marked differences shown in Fig. 2. 
The repression of ionization of the weak organic acids is relatively greater 
with a small excess of the acid than with the gels containing a greater 
excess. Hence the hydrogen-ion concentration steadily increases with 
increase in excess of added acid. Pitch, then, does not always rise with 
increase in hydrogen-ion concentration. 

There is, of course, an increase in the concentration of acetic acid mole¬ 
cules, for example, and these molecules must have a marked influence on 
the structure of the gel and hence on its pitch. The concentration of 
molecules of hydrochloric and the other strong acids is low, due to their 
greater ionization. 

Basic gels made by mixing water glass with an amount of acid insuffi¬ 
cient to react with all the sodium silicate vibrate with very low frequency. 
Neutral gels, setting almost instantly, are rather soft and vibrate with 
still lower frequency than the basic gels. 

Rigidity of gel structure is unquestionably the main factor in sound pro¬ 
duction. Gels in thick walled tubes ring with higher pitch than gel 
columns of equal diameter in thin walled tubes. The total diameter 
of gel plus glass is greater in one case but the effect of greater rigidity of 
glass outweighs the effect of greater diameter. 

Syneresis. 

By syneresis 1 is meant the separation of water solutions from highly 
hydrated substances such as silicic acid gels. The breaking of custards 
into solid and liquid on overheating and the formation of curds and whey 
from milk are common examples. This phenomenon is almost universal. 
The subject of syneresis was introduced by an attempt to explain the vibra¬ 
tion of certain gels. We knew that the gels vibrated as rigid solids on 
being struck but we also felt that they were under tension in an effort to 
contract. To prove this we sought to line the test-tube with some surface 
to which the gels could not adhere. Then if there was any tendency to 
contract, the gels could pull away from the walls because free to do so. 
The glass was coated with vaseline, paraffin, camphor, sulfur, collodion, 
etc., but of these vaseline was by far the best. It was melted and poured 
around until, on cooling, a rather thick layer formed. Gels formed in 
vaselined tubes contracted freely to a much smaller volume and not by 
mere evaporation, as the tubes were corked. A paper-thin glass bulb was 
filled with the gel mixture and on setting the gel contracted so power¬ 
fully that the glass caved in. In this experiment the glass was not vase- 
lined so that the gel adhered strongly to it. Contraction was thus 
clearly shown, and naturally it follows that gels in glass tubes not vase- 
lined must be under considerable tension as long as the gel adheres to 
the glass. 

1 Capillary-held water is not properly included in the term "Syneresis ” 
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But to prove that tension influenced the pitch of the vibrating gel was 
another matter. 

The same gel mixture (water glass of i. 15 sp. gr. and 6 N nitric add) 
was poured into a plain test-tube and also into a vaselined tube of the same 
diameter. On standing 8-10 days the gel in the vaselined tube had con¬ 
tracted so much that it could be shaken out. On tapping this gel thus 
removed from the tube it was found to vibrate just as did the gel under 
tension in the plain tube. But the vibration frequency of the gel in the 
tube was 1024 with a diameter of 20 mm. while the free gel had contracted 
to a diameter of 16.6 mm., and vibrated only 768 times per second. Since 
pitch varies in a general way inversely as diameter, the free gel might 
have been expected to yield a higher pitch, especially since its density 
was greater. The fact that its pitch was lower is proof positive of the 
importance of tension in sound production, for the greater the tension 
the greater the rigidity. Slight syneresis (separation of water solution) 
was common as gels stood, increasing with time, and when gels split 
syneresis became considerable. Marked syneresis quickly developed 
when gels stood in vaselined tubes A gel free to contract simply squeezed 
out a volume of liquid equal to the decrease in volume of the gel. 

To study the effect of external surface 4 bulbs, lined with vaseline, 
were filled with gel mixture and allowed to synerize. 

Taeu.k I —Extent of Syneresis 


Volume of 

Synereus, volume 

Syneresis in cc 

Surface of spheres 

gel m cc. 

ol solution in cc 

to l cc of gel 

in sq cm 

35 

4 90 

O 114 

52.5 

90 

9 72 

O 108 

8 l .O 

250 

25 75 

0 .IO3 

210 O 

II40 

87 8 

0 077 

285.0 


Table I shows that syneresis is relatively much greater in small spheres 
than in the larger spheres. The phrase "specific syneresis” might be ap¬ 
plied here. The relation of surface to volume of spheres increases rapidly 
as the volume of the sphere becomes small, in fact, the syneresis of spherical 
gels closely parallels the change in the relation of surface to volume. This 
is excellent proof that syneresis varies directly as the free surface. To 
test this theory further we poured equal volumes of gel mixture (50 cc.) 
into vaselined vessels such that one gel was 70 mm. wide and 15 mm. 
deep; a second gel, 50 mm. wide and 28 mm. deep; a third, 40 mm. wide 
and 40 mm. deep; and a fourth, in a narrow tube was 25 mm. wide and 
125 mm. deep. The syneresis of the first was 6.6 cc., of the second 6.3 
cc., of the third 5.18 cc., and of the fourth 9.2 cc. The fourth had the 
greatest free surface and consequently the greatest syneresis. The third 
had the least surface, being nearest to spherical in shape, and had the 
least syneresis. 
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We also found that increase in free surface due to cutting gashes in a 
gel increased the syneresis. A cube of a newly set gel was cut out from 
a larger mass and placed in a stoppered vessel. It synerized as great a 
volume of liquid as an equal volume of the same gel in a vaselined tube 
and 7 times as much as in an unlined tube. 

The time element was very important. Syneresis began sooner with 
some types of gel than with others and continued for months, although 
at a decreasing rate. Silicic add gels made with hydrochloric acid were 
slower to pull away from vaselined tubes. Out of a series of 120 tubes 
only 3 had completely pulled away from the vaseline in one month. Gels 
made with nitric and sulfuric acids pulled away in 8 to 1 o days; gels made 
with acetic, formic or propionic acids in 10 to 15 days. The contraction 
was more rapid with gels of higher silidc add concentration. 


Table II. 

Relation of Syneresis to Concentration of Silicic Acid. 

Volume of Gel, so cc. Equal Volumes of 10 N Formic Acid and Water Glass. 

Sp gr of water glus«> Syneresis, cc of solution 


I 09 
1.12 
I 15 

I 18 


3 5 

4 7 
5-2 

5.8 


In Table II the xo N formic acid was more than enough to react with 
all the sodium silicate so the variation in density of water glass used corre¬ 
sponds to a similar variation in the concentration of silidc add formed. 
Similar results were obtained using 4 N acetic acid and 10 N nitric add. 
With hydrochloric acid syneresis was inconveniently slow. 

Table III. 

Relation of Syneresis to Excess of Propionic Acid. 

Volume of Gel, 20 cc Equal Volumes of Propionic Acid and Water Glass of 1.12 Sp. Gr. 

Used. 

Normality of propionic acui. Syneresis, cc. of solution 

2 5-4 

4 2-9 

6 2.7 

8 23 


Water glass of x. 12 sp. gr. required an equal volume of N acid to neu¬ 
tralize it, so the gels made as in Table III contained the same concentra¬ 
tion of silidc add. With increase in the excess of propionic add syneresis 
decreased. Similar results were obtained by the use of dtric and formic 
adds. Very different results were obtained using nitric add. With in¬ 
crease in the excess of nitric (or other mineral add) syneresis increased. 

This difference accords well with the different effects of organic and 
mineral adds on the pitch of vibration. The depressing effect on both 
pitch and syneresis exerted by organic adds can be due only to the mole- 
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oules of the add. Were it merely a function of hydrogen-ion concentra¬ 
tion trichloroacetic add should produce gels of higher pitch and greater 
syneresis than gels from the less ionized acetic add. Such was not the 
case. 

Tablb IV. 

io cc. of Water Glass (1,15 Sp. Gr.) Mixed with to cc. of 3 N Add. Time, 2 Weeks. 


Acid Vibration frequency. Synereflte, in cc. of solution. 

Acetic. 682 4.7 

M onochloroacetic. 427 4.4 

Trichloroacetic. 320 2.2 


It is dear from Table IV that un-ionized molecules of trichloroacetic 
acid have a greater influence on the rigidity and contraction of silidc 
add gels than have the un-ionized molecules of acetic add. 

The neutral gels studied gave but little syneresis. Interesting results 
were obtained with basic gels. Very basic gels set with extreme slow¬ 
ness and were unsuitable. On setting they do not “bind” all the water 
but coagulate as a soft layer. Moderately basic gels set in solid form 
and then separate very large volumes of water solution. After standing 
two months a gel made from 10 cc. of water glass of 1.18 sp. gr. and 10 
cc. of N acetic add separated 18 cc. of solution, the gd having contracted 
to a volume of 2 cc. This was not a case of drying out for the shriveled 
gel was immersed in the solution. As in all experiments, the tube was 
corked. 

Many other gds could be studied with respect to pitch and syneresis. 
For example, a gel made with equal volumes of water glass, of 1.15 sp. gr., 
and 3 N ritric add had a vibration frequency of 1024, two octaves above 
middle C. A very slightly basic gel of this type made with water glass of 
1.12 sp. gr. and 0.8 N citric add showed marked syneresis. Neutral 
gds in general had very low vibration frequency. 

A very beautiful tone was produced from a heavy-walled pint milk- 
bottle half full of a gel made with water glass of 1.15 sp. gr. and 6 N 
hydrochloric add. On holding this bottle lightly by the top and swing¬ 
ing it sharply against a wooden table, or similar object, overtones could 
be detected. The water (of syneresis) on the surface was thrown into a 
wave pattern and drops splashed against the stopper. 

Summary. 

1. Vibrating silidc add gels were made which on tapping produced a 
tone two octaves above middle C. 

2. Such gels vibrate as rigid solids, but tension is an important factor. 
That they are under considerable tension is proved by their great contrac¬ 
tion in vaselined tubes. 

3. Contracted gels removed from vaselined tubes have a lower vibra¬ 
tion frequency than similar gds adhering to the walls of tubes of equal 
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diameters. Since vibration frequency varies inversely as the diameter 
of gel column, tension must exert some influence on pitch. 

4. Vibration frequency varies directly as the concentration of silicic 
add, increases with excess of mineral adds, but decreases with excess of 
organic adds. 

5. Syneresis increases with increases in concentration of silidc add, in¬ 
creases with excess of mineral acids, and decreases with excess of organic 
adds. For add gels the same factors that increase vibration frequency (by 
increasing tension and thus effective rigidity) also increase syneresis. 
Vibration and syneresis have a direct relation to tension. Basic gels are 
somewhat abnormal in this respect. 

6. Syneresis ’(separation of water solution from gds) varies directly 
as the free surface. When gels contract in vaselined tubes far more 
liquid separates than from equal volumes of gel in plain tubes to which the 
gel adheres. 

7. The extreme in syneresis was observed with moderately basic gels. 
The solution synenzed was as much as 90% of the volume of the gel in 
some instances. 

Obublin, Ohio 


THE VAPOR PRESSURE OF TETRANITRO-METHANE . 1 

By Alan W C Menzies 

Received Jum 17, 1917 

The measurements in a portion of the range here reported were made in 
1918 at the request of the Division of Chemistry and Chemical Tech¬ 
nology of the National Research Council, and were desired for purposes 
connected with the war. Because such data have a permanent value, 
however, it was thought desirable to extend the measurements over a 
considerably wider range than was called for at that time. 

The sample of tetranitro-methane furnished for the work, about two 
cc., was somewhat small for effective purification by fractionation. Its 
boiling point was found to be 125 7 0 under 760 mm. pressure, however, 
which is in close agreement with the reported values of Schischkow’ and 
of Chattaway, 3 both of whom, from independent observations, obtained 
126° as the normal boiling point. Berger 4 states that the boiling point 
of his, apparently less homogeneous, preparation was 124-125° under 
750 mm. pressure; and this corresponds to temperatures o 4 0 higher at 
760 mm. In spite of this concordance in boiling point, the possibility 
of impurity remains the chief uncertainty in the data here recorded; 
and it is therefore superfluous to elaborate details of the measurements. 

1 N. R C War Problem No 143 

’ Ann., 119, 248 (1861) 

* J. Chem. Soc , 97, 2099 (1910) 

* Bull. soc. chim., [4) 9, 26 (1911). 
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A modified form of the static isoteniscope method -was used, with the 
precautions and corrections previously described. 1 The thermometry 
was in agreement to o, i 0 with the 1914 scale of the Reichsanstalt. Chatta- 
way and Berger both report slight decomposition at the boiling point. 
The behavior of the sample studied in the isoteniscope made it clear that 
such decomposition is appreciable even Mow ioo°. 

The values in the table below are given for every 5 and were obtained 
graphically from the observed values. 

Table I 

Vapor Pressure of Tetramtro-methane. 


Tt mpenaure 

Pressure 1 in 

‘i emperiitufti. 

Pressure in 

Dtgrpcs 

mm Hr 0 ° 

Degrees 

mm }L nt 0 ° 

40 

26 6 

90 

239 

*15 

34 4 

95 

286 

50 

44 2 

IOC 

339 

55 

,0 1 

105 

400 

60 

70 6 

I 10 

470 

65 

S-8 1 

115 

550 

70 

109 

120 

640 

75 

134 

125 

743 

so 

164 

125 7 

760 

85 

199 




Using the vapor-pressure curve thus defined to test the character of the 
liquid according to the criterion suggested by Hildebrand, 2 one obtains, 
using his units, a value of 13 9 for the entropy of vaporization divided by 
R at the temperature (near 70°) at which the concentration of the vapor 
is 0.00507 mole per liter. Assuming the vapor is normal, this would in¬ 
dicate slight, if any, association or abnormality in the liquid at this tem¬ 
perature. 

i’klNCKTON, N J 


[Contribution' from the Geophysical Laboratory of the Carnegie Institution 

of Washington ) 

ELECTROMETRIC TITRATIONS, WITH SPECIAL REFERENCE 
TO THE DETERMINATION OF FERROUS 
AND FERRIC IRON . 3 

By J. C. Hostetter and H. S. Roberts. 

Rrc,ivrd July 12, 191N 

Introductory. 

In the study of the oxides of iron now in progress at the Geophysical 
Laboratory, it has become increasingly evident that the ordinary methods 
for determining small amounts of ferrous oxide in the presence of much 
ferric oxide are not susceptible of the precision attained in some of the 
1 See This Journal, 3a, 1412 (1910I 
1 This Journal, 37, 970 (1915). 

* Read nt the Buffalo Meeting of the American Chemical Society, April 9, 1919. 
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other measurements on the oxides, as, for instance, that of magnetic 
susceptibility . 1 Especially was it necessary to be able to distinguish ac¬ 
curately between the ferrous iron contents of ferric oxides when the latter 
contained less than 0.1% FeO,* since easily measureable differences in 
the magnetic susceptibilities of such oxides have been found. The method 
which is described herein permits of the determination of a few tenths of a 
milligram of ferrous iron in the presence of any quantity—up to 100 g.— 
of ferric iron. The essential details of this method were developed be¬ 
fore the entry of the United States into the war and, extended to include 
the determination of total iron, the method found many applications in 
the determination of iron in raw materials for optical glass, in optical 
glasses themselves, in glass pots, and, to quote an example in quite a 
different field, in the determination of iron in sulfur chloride . 3 

This method is, in brief, the direct electrometric titration of the ferrous 
iron with standard dichromate. The various factors affecting this de¬ 
termination have been studied in some detail and as sharp end-points 
can now be obtained with 0.01 N or even with 0.0005 N dichromate 
solutions as with the more concentrated solutions usually employed. 
Furthermore, the technic of the method for larger quantities of ferrous 
iron has now been developed to such an extent that oxidation and reduc¬ 
tion titrations carried out electrometrically must hereafter be considered 
precision analytical methods capable of giving results to one part in a 
thousand or better. 

Electrometric titrations for the determination of various elements 
have been proposed from time to time and some excellent work of direct 
and indirect application to analytical procedure has been recorded in the 
foreign literature , 4 but not until the work of Hildebrand , 6 describing simpli¬ 
fied apparatus, appeared in this country did the method receive much 
recognition. Shortly after the appearance of Hildebrand's paper came 
the work of Forbes and Bartlett , 8 who described an anomalous increase 
of potential produced by certain reducing agents and took advantage 
of this effect for conveniently locating end-points electrometrically. In 

* R. B. Sosman and J. C. Hostetter, Trans. Am fast. Mining Eng., 58, 409-433, 
434-444 (1917). 

* In previous publications it has been shown that FeiOi and Fe,0< probably form a 
continuous series of solid solutions (Sosman and Hostetter, This Jouhnal, 38, 807- 
833 (1918)), and that all ordinary ferric oxides, both artificial and natural, carry de¬ 
terminable amounts of ferrous oxide 

* At Edge wood Arsenal. 

4 R. Behrend, Z. phys Chem., n, 466-491 (1893); R. Peters, Ibid , 26, 193 (1898); 
C. Fredenhagen, Z. anorg Chem., 29, 396-458 (1892); W. Bbttger, Z. phys. Chem,, 24, 
233-301 (1897); F. Crotognio, Z. anorg. Chem., 24, 225-262 (1900); Ostwald, Luther 
and Drucker, "Physico-Chemische Messungen,” p 454. 

4 This Journal, 35, 847-871 (1913). 

‘Ibid., 35, 15*7 (1913). 
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1916 Kelley and Conan t applied the latter method to the determination 
id vanadium, 1 and chromium, 5 in steels, making the method applicable 
to routine testing, and later Kelley and others developed compact ap¬ 
paratus’ and extended the method to the determination of manganese. 4 
Bichowsky 6 has titrated zinc with ferrocyanide and in the course of his 
investigations 8 was able to produce curves (volume of ferrocyanide against 
electromotive force) showing all variations from the “normal” curve to 
that described by Forbes and Bartlett. 

In Hildebrand’s work the end-point of the titration was taken as the 
point of inflection in the curve showing the relation between the voltage 
developed and the volume of oxidizer (dichromate) added Forbes and 
Bartlett, on the other hand, and later Kelley and Conant, simply made 
use of the greatly increased deflection of the galvanometer as an indica¬ 
tion of the end-point, taking advantage of the increased sensitivity given 
by the anomalous rise. The latter method has been applied by these 
authors to routine work and with remarkable success. Our problem, 
however, was quite different and it seemed preferable to use the graphical 
method, as being of more general applicability. The time consumed in 
plotting is merely a matter of a few minutes and the shape of the curve 
is frequently of great value in indicating the presence of impurities—such 
as organic matter in hydrofluoric acid—in the solution being titrated. 

Apparatus and Method. 

The first set-up used was essentially that described by Hildebrand and 
the effects of certain variables were studied with it. After preliminary 
studies had demonstrated the successful application to our problems, ap¬ 
paratus was designed which permitted the thorough study of variables 
under controlled conditions Later also a simplified potentiometer was 
devised by Roberts, 7 the use of which eliminates the miUivoltmeter from 
the set-up and makes the entire outfit very compact. This potentiom¬ 
eter is essentially a slide-wire and its successful use assumes that the 
voltage of the cell (dry cell or storage) remains steady or only shifts 
gradually during a titration, readings are taken as numbers proportional 
to the voltage. 

Titrating Head. —A few words may be inserted here to describe the 
“titrating head” used to cover the flask which contains the solution to 
be titrated, in order that the atmosphere above the solution may be con¬ 
trolled, and also to support the calomel half-cell and the platinum elec- 

1 This Journal, j8, 341 (1916). 

1 / Ind. Eng, Chtm., 8, 718 (1916). 

5 Ibtd , 9, 780 (1917). 

4 Ibid,, 10, 19 (1918). 

1 Ibid., 9, 668 (1917). 

• J Wash Acad Set., 7, 141 (1917). 

7 This Journal, 41,1559 (1919} 
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trode. Carbon dioxide or nitrogen (freed from oxygen) is passed through 
the flask before and during a titration; the entrance tube for carbon di¬ 
oxide extends about half way into the flask. The calomel half-cell is 



made as shown in Fig. i; the tube 
making connection with the solution has 
an internal diameter of about r mm. 
and is turned upwards at the bottom in 
order to prevent the heavy potassium 
or sodium chloride solution from running 
mto the flask with a corresponding 
amount of lighter solution traveling up 
into the small tube and hence escaping 
the reaction. This connecting tube is not 
sealed to the titrating head but passes 
loosely through a tube which supports it, 
thus permitting adjustment for different 
sized flasks The calomel cell is made up 
with strong sodium or potassium chloride 
solution, such high concentration being 
desirable in order to reduce the resis¬ 
tance of the titrating system with conse¬ 
quent increase in electrical sensitivity 
and to raise its boiling point so that 
bubbles of steam may not form in the 


Fig I —Flask covered by •'Titrat capillary. A small extension tube is 
ing Head" which supports the calo sealed to the tip of the buret. 


mel half-cell and platinum electrode 
and also permits the maintenance of a 
neutral atmosphere within the flask 


The electrode consists of a single 
platinum wire (0.4 mm. diam.) sealed 
into a tube ground into the carbon di¬ 


oxide tube as shown in the sketch; this joint enables one to wash down 


the tube and electrode upon which solution may have spattered during 
the titration. 


Method of Investigation. —The method of study followed here was, in 
its essentials, simply the electrometric titration of a few milligrams of 
ferrous iron under a variety of conditions, followed by comparison of the 
curves so obtained. The success of any titration in the preliminary 
experiments was judged by the character of the graph near the change 
of curvature and the precision with which the point of inflection could be 
determined. Later the quantitative side of the problem was studied. 
The results of the experiments defining conditions, recorded in this paper, 
are therefore expressed mainly in the form of curves. 

Methods of Plotting. —The usual method of directly plotting the rela¬ 
tions between volume of oxidizer V, and electromotive force E, is satis- 
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factory for most cases. A convenient scale of coordinates which enables 
one to read the end-point with the precision ordinarily required as i cm. 
for 1 cc. against i cm. for 100 millivolts. In cases where the point of 
inflection is not readily determined on the graph plotted to this scale—as 
when too little add is present during the titration—other ratios in which 
the voltage scale is increased may be used with advantage. A little 
practice enables one, however, to locate by inspection the point of inflec¬ 
tion with the desired accuracy. 

In some cases the plotting of AE/AV against V is a distinct advantage; 
this derivative passes through a maximum at the point of inflection and 
consequently its relation to V may serve for the location of the end-point. 
Even such a curve as that of No. 4 in Hildebrand’s paper, 1 which was 
caused by too low a concentration of acid in the solution being titrated 
and which he pronounced “unsatisfactory” can be made to yield a fairly 
satisfactory maximum corresponding to the point of inflection if A Ej AV 



Fig. 2 —Titration of 4 1 rag. of ferrous iron in 70*7, cone, hydrochloric acid with 
dichromatc solution yielding typical curve of potential E, against volume of dichroroatc. 
V. Plotting AE over AV gives a sharp maximum corresponding to the point of 
inflection which is the '‘cud-point" of the titration. 

instead of E is plotted against V'. Reference to Fig. 2, which gives typical 
curves for the titration of ferrous iron by dichromate, shows the sharp 
maximum obtainable by plotting the derivative against volume. 

The End-Point. 

“Electrometric methods, unlike most of the other methods of volu¬ 
metric analysis, are not merely special methods applicable to but one reac- 
1 hoc. tit., Fig. 15. p. 870. 
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tion under a rigorously limited set of experimental conditions as are our 
indicator methods, but they are perfectly general methods based not on 
the accident of the discovery of a new indicator but on a perfectly general 
principle. If we consider the reaction A + B —► C + D and intro¬ 
duce into the reaction mixture an electrode whose E. M. F. depends on 
the concentration of any of the reacting substances, say B the change 
of the E. M. F. as you add or subtract more or less of that substance is 
proportional not to the amount added but to the percentage change of 
concentration of that substance, and accordingly, the maximum per¬ 
centage change of concentration and hence of E. M. F. occurs at the 
point where the concentration of B equals that of C, i. e., occurs at the 
end-point (equilibrium point) of the reaction.” 1 

The shape of the curve relating electromotive force and concentration 
as the iron is oxidized follows from the logarithmic ratio of the concen¬ 
trations in the well-known equation for the electromotive force of such 
cells. The voltage changes very slightly with the first additions of oxidizing 
agent, but as the one ion disappears the amount of oxidizing agent neces¬ 
sary to depress its concentration to, say i% of its former value, rapidly 
becomes smaller. Just as soon as the concentration of one ion becomes 
negligibly small the reverse process takes place with respect to the oxi¬ 
dizing ion from the added reagent Up to this point the oxidizing 
agent has been reduced as rapidly as it was added and consequently 
no concentration of the oxidizing ion can develop until the reducing ma¬ 
terial is completely oxidized. When this point is reached the same rea¬ 
soning will account for the increase of potential which is rapid at first as 
the concentration of the new ion increases slightly and then increases 
less rapidly as the concentration of the oxidizing ion increases. The point 
at which this change of direction occurs is obviously therefore the "end- 
point" of the particular reaction. 

Experimental evidence that such a point of inflection actually corre¬ 
sponds to the end-point was obtained in two ways. In the first series 
definite amounts of ferrous iron were titrated electrometrically, and the 
quantities so determined, taking the point of inflection as the end-point, 
were checked against those known to be present. In the second series 
the titration of a ferrous solution with permanganate showed that the 
pink color indicating the end-point appeared exactly at the point of in¬ 
flection when small quantities of ferrous iron were titrated in sulfuric add 
solution. This subject will be referred to later. 

Electrodes. —Experiments were made on electrodes of different ma¬ 
terials and some of the curves obtained during this study are shown in 
Fig. 3. The “normal” curve is shown for purposes of comparison. These 
1 Quoted from an unpublished address by Dr. F. R. Bichowsky of this laboratory, 
before the Chemical Society of Washington, April 12, 1917. 
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curves were obtained by carrying out a titration with several different 
wires i mm ersed in the iron solution making readings on the different elec¬ 
trodes seriatim. Palladium is not suitable as an electrode for these titra¬ 
tions as evidenced by the curve of its electromotive force against dichro¬ 
mate; the voltage rises slightly 
at first and then remains con¬ 
stant, or nearly so, throughout 
the course of the titration. 1 The 
influence of palladium is also 
seen in the curve for the palla¬ 
dium-gold alloy which is inter¬ 
mediate between the palladium 
curve and that for gold, the 
latter electrode giving a com¬ 
paratively small rise near the 
end-point. The curve shown 
here for platinum "B" which 
had been originally covered with 
platinum black was obtained 
only after repeated treatment Fig 3 —Titration curves obtained with elec- 
of the electrode with acid. The trades of different metals. The most satis- 

improvement in the shape of factory curve is given by platinum of small 

the curve, which was initially, area (Curve 

in other titrations, not much above that for palladium, was probably 
due to reduction of surface by solution* of the finely divided platinum 
black. In experiments with platinum electrodes of different area it 
was found that the best results, as evidenced by steadiness of potential 
and extent of rise near the end-points, were obtained with an electrode 
presenting the least possible surface to the solution. A small platinum 
wire (0.4 mm. diameter, for instance), w r as found to be satisfactory; it is 
used in the bright condition and between titrations is kept in 1:1 hydro¬ 
chloric acid. 

Electrodes were found to be very sensitive to contamination—as a result 
of which very irregular curves are obtained, which are quite unsuitable 

1 It is not unlikely that the curve for a palladium electrode will depend to some 
degree upon the amount of hydrogen, or other reducing gases, condensed within it. 
This, in turn would depend upon whether the electrode had been previously ignited 
In a gas flame, or by heating in air (as electrically). If curves of the type shown in 
No. 5 of Fig. 3 can be consistently reproduced (and there is much evidence that they 
can) the possibility is at once suggested that an electrode of palladium can be sub¬ 
stituted for the calomel electrode with a considerable simplification of apparatus. 

* It is interesting to note in this connection that a bright platinum foil electrode 
presenting approximately 5 sq, cm. area to the solution, lost 0.17 mg. during a titration 
carried out in strong HC 1 In this case, however, the solution was exposed to the air. 
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solution was found to be about the same as that given with excess dichro- 
mate, under our conditions of aridity. 

Hydrofluoric Acid.—Two series of titrations of ferrous iron in the pres¬ 
ence of hydrofluoric acid accompanied by hydrochloric arid and also by 
sulfuric add showed that hj'drofluoric acid was without detrimental ef¬ 
fect. Its inertness indicated that the method could be applied to the di¬ 
rect determination of ferrous oxide in silicates and subsequently many 
glasses and glass pots were analyzed for ferrous iron in this manner. 
In the course of his work on the analysis of optical glasses, our colleague, 
J. B. Ferguson, obtained some irregular results when hydrofluoric arid 
Was present in the iron solution during titration and later this was traced 
to the presence of impurities (probably organic matter), in the hydro¬ 
fluoric acid; the organic matter was oxidized slowly by dichromate and 
gave a sloping curve which somewhat obscured the point of inflection. 
Some lots of acid showed this irregular action while others gave smooth, 
normal curves. This subject will be considered more in detail elsewhere. 

Effect of Acidity when Using Dilute Dichromate.—From the data just 
presented it is evident that the electrometric titration of ferrous iron may 
be successfully carried out in solutions of widely varying acidity for con¬ 
centrations of dichromate in the range of o. i N to 0.005 N. 

When using o 001 A r dichromate, however, the aridity and volume of the 
iron solution become highly important. The curves obtained on titrating 
with 0.001 N dichromate, iron solutions containing o. 56 mg. ferrous iron 
in 10 and also in 35 cc. of 25% sulfuric acid, showed very little rise of 



Fig. 6.—Titrations with o 001 .V and o 0005 N 
potassium dichromate. 


potential and, at best, gave 
an obscure end-point. On the 
other hand, good curves may 
be obtained with o 001 N and 
even o. 0005 N dichromate if 
this has been made up with 
add, and if the volume of 
solution to be titrated is 
small. The solid curves of 
Fig. 6 represent the titration 
of about 0.56 mg. metallic 
iron in various amounts of 


2 5 % conc - sulfuric add; the oxidizer in each case was 0.001 N dichromate 
in 25% conc. sulfuric acid, about jo cc. being required to reach the end¬ 
point This series illustrates the advantage of working with a s mall 
volume. The dotted curve is taken from the titration of half this quan¬ 
tity of iron in 10 cc. of 25% cone- sulfuric arid, the oxidizer in this case 


being 0.0005 N dichromate in 25% sulfuric add. 
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Effect of Ferric Iron on the Titration of Ferrous Iron. 

After the preliminary work on the effects of acidity had been completed, 
titrations of small amounts of ferrous iron were carried out with the addi¬ 
tion of successively larger portions of ferric iron. The result, as was to 
be expected, was a shortening of the difference in potential at the end¬ 
point, mainly because 
of the increased initial 
potential. The poten¬ 
tial at the point of in¬ 
flection was also in¬ 
creased under these con¬ 
ditions. However, the 
points of inflection were 
still perfectly sharp even 
at the higher concentra¬ 
tions of ferric iron as is 
evident from the curves 
given in Fig. 7. The 
ferrous iron titrated in pig. 7 —Change in titration curve of ferrous iron 
the last Curve was only caused by additions of ferric iron. The change of poten- 
1 part to 2600 ferric. t>al near the end-point is reduced as the ratio of ferric 
In the work on the de- 0011 t0 ferrous ‘ increases but the end-point is still easily 
termination of ferrous located 

iron in ferric salts the ferrous iron content titrated directly was at times 
only 0.0002% (of the salt) and even under these extreme conditions the 
end-point obtained was perfectly definite. 

Determination of Ferrous Iron In Ferric Compounds. 

Conditions having been established for the determination of ferrous 
iron in the presence of large quantities of ferric iron the former was deter¬ 
mined in a number of ferric salts. In 
order to dissolve the ferric compound in 
the absence of air the solution was ef¬ 
fected in an atmosphere of carbon di¬ 
oxide in the dissolving flask shown in 
Fig. 8. This is a modification of the 
one formerly used 1 and possesses the ad¬ 
ditional advantage that spatterings on 
the combination stopper and funnel can 
be more readily washed off. 

Method.—Ten g. of the salt (sulfate 
or chloride) is dissolved in water in an 

Fig. 8 —Flash for dissolving salts or ir. fi, Sosman and J. C. Hostetler, This 
oxides in an inert atmosphere. Journal, 38, 822 (1916). 




Parti Fe'ru Jrtn 0*r Part Perram j /ran 
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atmosphere of carbon dioxide and the solution treated with an equal 
volume of cone, hydrochloric add. The funnel-stopper of the flask is 
now removed and the titrating head put in place, the stream of carbon 
dioxide through the flask continuing to flow. Electrical connection is 
made by allowing the capillary connecting with the calomel cell to fill by 
manipulating the small stopcock shown at S in Fig. r. The solution is 
now titrated with o.oi N potassium dichromate and the results plotted. 


Table I.—Ferrous Iron in Ferric Salts. 
By Electrometric Titration 


Ferric salt. 

Maker 

Grade 

Lot No 

% ferrous iron. 

Ammonium sulfate. 

J. T. Baker 

C. P. analyzed 

I 027 U 

O 0005 

Ammonium sulfate . 

Baker & Adamson 

C. P. analyzed 


0.0035 

Ammonium sulfate. 

Baker & Adamson 

C. P. analyzed 


<0 0005 

Ammonium sulfate.. 

Baker & Adamson 

C. P analyzed 


<0 0005 

Ammonium sulfate . 

Baker & Adamson 

C. P analyzed 


0 010 

Ammonium sulfate. 

Kahlbaum 

White label 

p 2112 

0.00025 

Ammonium sulfate... 

Squibb 

Reagent 

12098 

<0 0002 

Bromide. 

Kahlbaum 

White label 

Z 3012 

5 41 

Chloride: 

Hydrated crystals.. 

J. T. Baker 

C P analyzed 

12611 

O OOO5 

Hydrated crystals . 

J T. Baker 

C P. analyzed 

32913 

O OOO5 

Hydrated crystals. 

Baker & Adamson 

C P. analyzed 


O 0022 

Hydrated crystals. 

Baker & Adamson 

C P. analyzed 


O 004 

Hydrated crystals. 

Eitner & Amend 

Pure 


O 004 

Hydrated crystals 

Kahlbaum 

"Zur analyse" 

1 

O OOI4 

Hydrated crystals. 

Kahlbaum 

White label 

D 0708 

O 0005 

Hydrated crystals . 

Squibb 

Reagent 

>7453 

0 004 

Sublimed. 

Baker & Adamson 

C P. analyzed 


2 

Sublimed. 

Kahlbaum 

White label 

C 070? 

O 4O4 

Sublimed. 

Merck 

Reagent 

( s 3597 

O 020 

Sulfate. 

J. T. Baker 

C. P analyzed 

l 12716 
1231S 

<0 0003 


The change of voltage with the first drop of dichromate is, in itself, an 
excellent criterion as to the presence of ferrous iron. The curves of Fig. 9 
show the change in the form of the curve in the titration of successively 
increasing small amounts of ferrous oxide. Ferric iron was present to 
the extent of 1660 mg. in each titration. The scale of volumes in Fig. 9 is 
much larger than in the other figures. 

Results on the percentage of ferrous iron in a number of ferric salts 
have been collected in Table I, which show's a considerable variation in 
ferrous iron content. The salts analyzed were taken from our stock 
shelves; the ferrous iron varies from 0.0003 to 0.020%, although there 
are several exceptions. 

It should be pointed out here that the percentages of ferrous iron re¬ 
ported in these ferric salts were of necessity determined in solution and 
1 Not distinguishable. 

1 Contains metallic iron 
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some proportion of the ferrous iron found may have arisen from action of 
the solvent on a solid salt—in which the iron was all in the “ferrie” con¬ 
dition—by attainment of equilibrium between ferrous and ferrie iron. This 
would arise as a consequence of the relation developed by Peters: 1 these 
two ions are in equilib¬ 
rium and the concentra- mv 
tion of one does not 
normally reach zero. 

Ferrous iron might form 
by hydrolysis also, since 
the hydrolysis of ferric 
salts, especially the 
chloride, probably in¬ 
volves the formation of 
intermediate ions con¬ 
taining ferrous iron. 4 
The amounts of ferrous 
ion developed by these 
reactions are small 
under our conditions F ,g 9 — Small amounts of ferrous iron titrated in the 

but it should be con- presencc of 1660 mg ' ferr,c ,ron ' 

stant, under identical conditions, for each type of salt. Since, how¬ 
ever, variations in ferrous iron content of these salts were actually found, 
differences must have existed in the salts themselves. The lowest 
values found may have been formed as indicated above, but it is unlikely 
that the larger percentages can be accounted for in this manner. 

A number of old samples of ferric chloride which had stood loosely stop¬ 
pered on the stock room shelves for possibly ro years were examined and 
some observations on these may be of interest. The salt in one of these 
bottles was covered with a layer of saturated solution; 10 g. of the moist 
salt was found to contain o 11 mg. of ferrous oxide, whereas 3 cc. of the 
solution over the salt gave 0.16 mg. Expressed on the basis of total 
iron the salt contained approximately one part ferrous iron in 30,000 
while the solution in contact with it showed double this amount. Hy¬ 
drolysis involving the formation of an intermediate ferrous ion would ac¬ 
count for the higher percentage in the solution. 

Reduction of Ferric Chloride by Boiling.—The following experiment 
is interesting in showing that the small amount of ferrous iron formed by 
reduction on boiling aqueous ferric chloride in ordinary air may be readily 
determined electrometrically. While no special precautions were taken 

1 Loc. cit. 

* H. M. Goodwin, Z. phys. Chon., ax, 1-15 (1896); W. Spring, Rec . Iran, cbim., 
x6, 237-249 (1897)- 
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to insure the absence of traces of reducing material from the water or the 
air, the results indicate that the solution was reduced notwithstanding 
the ease with which the air oxidizes ferrous solutions containing chloride. 
A solution of ferric chloride (xo g. crystals in 50 cc. water) was boiled in a 
flask for 5 minutes, after which the solution was allowed to stand on the 
hot plate for 30 minutes. Some precipitation of ferric hydrate took place 
during this treatment. This precipitate was dissolved when the solution 
was treated with 100 cc. of cone, hydrochloric acid previous to the titra¬ 
tion. The solution now showed 0.76 mg. ferrous iron. Ten g. of the 
salt dissolved and titrated without having been boiled showed 0.22 mg., 
the difference of o 54 mg. having developed during the treatment at the 
higher temperature, notwithstanding the fact that the solution was freely 
exposed to the air during this time. Other similar experiments confirmed 
this. 

The similar reaction in the ease of ferric bromide has been known for 
many years. 1 

Ferric Oxides.- —Several determinations of ferrous oxide in ferric oxides 
from different sources are given in Table II; the 
ferrous iron was determined in a solution of 10 g. 
of the oxide dissolved in 1:1 hydrochloric add. 
The last 3 oxides were produced by ignition of cer¬ 
tain salts over the blast lamp. This ignition was 
carried out in platinum using an asbestos board 
screen to carry away reducing gases. The small 
amounts of ferrous oxide (0.024 to 0.055%) found 
in the ignited product are formed by reduction in 
one or all of the following ways: namely, (1) re¬ 
duction by platinum, 8 (2) by reduring gases from 
the flame, (3) by dissodation of ferric oxide even 
in air. 8 The magnetic susceptibilities of these 
oxides were previously determined and confirm the 
presence of ferrous oxide. 4 

The Determination of Large Amounts of Fer¬ 
rous Iron. —The method previously discussed may 
be applied equally well to the determination of 
large quantities of ferrous iron if the accuracy given 
by volume buret is sufficient. For higher precision, 

1 L. L. DeKoninck, 2 . attgeui. Chern., 3, 149 (1889), 

1 Robert B. Sosman and J. C. Hostetter, J. Wash. Acad. 
Set., s, 293-303 (1915)- 

8 J. C. Hostetter and R. B. Sosman, This Journal, 38, 
1188-1198 (1916). 

‘ R. B. Sosman and J. C. Hostetter, Trans. Am. Inst. 
Hitting Eng., 58, 418 (1917). 



Fig. lo.—Modified weight 
buret for electrometric 
titrations. The small 
volume buret sealed to 
the weight buret is used 
for titrating near the 
end-points. 



electrometric titrations. 


*35* 


the only necessary modification in the method is the use of a weighing 
buret 1 for the dichromate solution. 

The inconvenience of weighing the buret and solution after the addition 
of each drop near the end-point may be avoided in two ways. The first 
method uses strong oxidizing solution (as o i N) for the entire titration; 
the solution is delivered, however, from the modified weighing buret shown 
in Fig. jo. This buret permits the use of a small volume buret (i cc. 
capacity reading to o.oi cc.) for the end-point while the larger reservoir 
is drawn upon for most of the titration. The manipulation of the buret 
is obvious from the figure. The weight of solution corresponding to the 
unit graduation must, of course, be previously determined. 

Table II.—Ferrous Oxide in Ferric Oxides prom Different Sources. 


Source of feme oxide % FeO 

Merck, Iron Oxide Reagent (Lot 1041) (from Nitrate) o 015 

Kahlbuum, Eisenoxyd "Ztir Analyse mit Garantieschein” (Lot 4478) o 033’ 
Ignition over blast lamp ol 

Ferric Nitrate (J. T. Baker) . o 055 

Ferric Hydrate, C P, Moist (J T Baker) o 024 

Ferrous Sulfate (J. T. Baker) . o 050 


The second method for titrating with strong dichromate is the use of the 
weighing buret until the voltage indicates the proximity of the region of 
inflection, after which the titration is completed with a dilute solution 



- Fig 11 —Method of plotting results when o 01 N dichromate solution, delivered 
from a volume buret, is used for the end-point region, while o t A’ dichromate solution, 
from a weight buret, is used for most of the curve. 

1 This buret should have an extended tip sealed to it and the protecting cap should 
be lengthened correspondingly. 

* Not homogeneous; some portions contain as much as 0.043% FeO. 
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delivered from a volume buret. For convenience and also in order to 
minimize errors in the graduations of the buret, the dilute solution is 
made up so that x cc. corresponds to o. i g. of the stronger solution. The 
plot of the dilute solution against voltage is made on a scale such that the 
point of inflection can be located to within o .02 to o .04 cc., corresponding 
to 0.002 to 0.004 g- of the more concentrated solution (see Fig. it). It 
is thus seen that the end-point error is reduced to a minimum by this pro¬ 
cedure, giving the possibility of a precision in titrations of this kind greater 
than that attained by the use of other methods. 

Tabu! Ill —ErscraoMSTsic Titration or Large Amounts of Ferrous Iron. 

Metallic Iron (Electrolytic, Langbein-Pfanhauser) 


Weight G 

Acid 

Weight 0 1 N 
EjCrjOi G 

“Iron value ” Fe per 
g KjCrjO? soln G 

O 5107 

HCl 

91 535 

0 0055780 

0 5163 

HC1 

92 560 

0 0055780 

0 4693 

HCl 

84 201 

0 005573, 

0 4479 

HCl 

80 267 

0 005580, 

0 3858 

HjSO, 

69 165 

0 005577, 

0 5235 

II,SO, 

93 875 

0 0055761 

0 5449 

H.SO, 

97 750 

0 005574, 


Av., o 005576* 

The results given in Table III were obtained by the second method de¬ 
scribed above. Electrolytic iron (rolled sheet from Lan gbein - Pfanhauser) 
was dissolved in acid in an atmosphere of carbon dioxide and hydrogen 
without any other special precautions and the solution so obtained titrated 
directly. The figures shown in the table as “iron-value” of the dichromate 
merely indicate the ratio of dichromate to this iron for comparative pur¬ 
poses. The maximum error in this series is 1 part in 800. The deviations 
in this series could have been reduced by first reducing electrometrically, 
with stannous chloride as described below, the small amount of ferric iron 
formed in the solution, probably from dissolved oxygen in the acid and 
water used to effect solution of the iron. Inasmuch as our primary in¬ 
terest was the determination of small amounts of iron the work on large 
quantities was not continued further. 

Electrometric Titration of Ferric Iron with Stannous Chloride. 

The direct determination of ferric iron by titration with stannous chloride 
has previously been carried out by utilizing the disappearance of the yel¬ 
low color 1 or the action on methylene blue* as the end-point. Electro¬ 
metrically this titration may be carried out very successfully. Fig. 12 
shows a curve relating voltage and volume of stannous chloride (o .005 N) 
used in a typical titration of ferric iron. The voltage change at the end- 

1 W. W. Scott, "Standard Methods of Chemical Analysis,” 1917, p. 231. 

2 C. Russo, Cast, chiri. ital., 44, i-S (1914) 
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point is froni about +250 millivolts to —100. This change in sign neces¬ 
sitates a reversing switch in the circuit or, more conveniently, the loca¬ 
tion of the “zero” point on the potentiometer at some distance from 6ne 
end as has been done in the instrument described by Roberts. 



Fig 12—Electrometric titration of feme iron with o nos .V stannous chloride 
solution. 

Determination of Ferric Iron in Ferrous Salts.—The titration just de¬ 
scribed enables us to determine directly small amounts of ferric iron in 
the presence of ferrous iron, and, as an application of this method, deter¬ 
minations were carried out on ferrous salts. These salts are frequently 
used as convenient standards in oxidimetry and a knowledge of the ferric 
iron content is necessary if a correct standardization is to be made. Table 
IV summarizes a few results showing the percentages of ferric iron in 
freshly opened ferrous salts and also in bottles which have stood loosely 
stoppered for some years. The error introduced, when using such a salt 
as a standard, by assuming that all of the iron is ferrous, is indicated til 
the last column of the table, in which the ferric iron is calculated to the 
percentage of total iron. 

Tabus IV.— Ferric Iron in Ferrous Salts op Reagent Quality 

% ferric iron 


Suit 

Bottle 1 

Maker 

Lot No. 

in salt. 

of total iron. 

Ferrous ammonium sulfate. 

Sealed 

J. T. Baker 

61013 

0.028 

0.20 

Ferrous ammonium sulfate. 

Opened 

J. T. Baker 

61013 

0.047 

0.33 

Ferrous ammonium sulfate. 

Opened 

J. T. Baker 

6211 

0.043 

O.30 

Ferrous sulfate. 

Sealed 

Squibb 

7624 

0 08 

0 4 * 

Ferrous sulfate. 

Opened 

Baker & Adamson 


O 22 

1 to 


1 Sealed (by maker); Opened (loosely stoppered for at least 2 years). 
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The stannous chloride solution is conveniently standardized by electro¬ 
metric titration against dichromate as described below. 

Electrometric Titration of Potassium Dichromate with Stannous 

Chloride. 

The electrometric titration of dichromate with stannous chloride, or 
the reverse titration, may be readily carried out with the same apparatus. 
The titration is made in acid solution at an elevated temperature since 
the reaction proceeds rather slowly at room temperature. Inasmuch as 
the reaction is between a very strong oxidizer and a powerful reducing 
agent, the voltage change is very large, namely, from about -f-6oo mv. 
to —ioo mv. Fig. 13 shows a typical curve for this titration. 



Fig. 13. —Electrometric titration of stannous chloride with potassium dichromate 

solution. 


Combination Method for the Determination of Total Iron. 

The two reactions just described may be readily combined in one opera¬ 
tion to give total iron. In this determination the iron solution is com¬ 
pletely reduced, as shown by the color change as well as by voltage, with 
concentrated stannous chloride solution which is added in slight excess. 
The solution (at 70° or 80°) is now oxidized with standardized dichromate 
solution plotting E. M. F. against volume as usual. The resulting curve 
shows two points of inflection. The first point indicates when the excess 
of stannous chloride is used up and the second corresponds to the complete 
oxidation of ferrous iron. The volume of dichromate between these two 
end-points obviously represents that required by the iron. 

The shape of the curve and the effect of varying concentrations of hydro¬ 
chloric add are shown in Fig. 14. 

Applications of Method for Total Iron. 

The method just described has been successfully used in the determina¬ 
tion of iron in raw materials for optical glass—such as sand, 1 sodium 
> jobs B. Ferguson, J. Ini. Eng. Chm., 9, 941 (1917). 
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and potassium salts, barium carbonate, zinc oxide, borax and boric add, 
and the oxides of lead. None of these substances interferes with the 
method, although when iron is determined in a nitrate it must be pre¬ 
cipitated first as hydroxide 1 in order to separate it from the interfering 
nitric acid. 



Fig. 14 —Electrometric titration of iron which has been reduced with slight excess 
of stannous chloride. The amount of dichromate solution corresponding to the iron 
is the volume between the two end-points 

It is obvious that such metallic oxides as are not reduced by stannous 
chloride need not interfere with this method of determining total iron. 
Actual tests made in the presence of manganous manganese and titanium 
(as TiOj) show definitely that these exert no deleterious effect on the titra¬ 
tion; vanadic oxide, on the other hand, is reduced by stannous chloride 
and consequently must be determined separately and deducted from the 
total of iron and vandium. 

Application of Electrometric Method to the Determination of “Blanks.” 

In their paper Bartlett and Forbes 8 show the magnitude of the errors 
inherent in the use of an outside indicator when titrating with dichro¬ 
mate. They were enabled to do this by simultaneously studying the titra¬ 
tion electrometrically and also with the outside indicator. In similar 
manner much information may be gained by electrometrically studying 
such reactions as permanganate titrations. Fig. 15 shows curves obtained 
when titrating ferrous iron with permanganate under different conditions 

1 A small amount (1 cc.) of saturated alum solution is added before precipitation 
in order to ensure complete separation of the ferric hydroxide. 

* This JooaNAi,, 35,1527 (1913). 
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$ acidity, and different concentrations of ferric iron, which are some¬ 
what representative of conditions frequently met in actual practice. 
Curve t, where 2.87 mg. of ferrous iron was titrated with o .01 N potassium 
permanganate in 17% cone, sulfuric add shows the development of the 
pink end-point at the exact point of inflection. The presence of 28.7 
mg. of ferric iron (as sulfate) in a similar solution containing 8% cone, 
sulfuric add masked the pink color of the end-point to such an extent 
that the color change did not take place until after the point of inflec¬ 
tion was passed by 0.35 cc.; which, therefore, represents the “blank” 
for these conditions (Curve 2). The titration of the same amount of 



I'tg. 15.—Electrometric titrations of ferrous iron with 001 N permanganate solu¬ 
tion. The volume of permanganate solution required to give a color end-point after 
the point of inflection has been passed represents the "blank” for those particular 
conditions. 

ferrous iron in the presence of 57 3 mg. ferric iron in phosphoric add 
(2 .$% by volume of the 85% add) was free from blank (Curve 3) even 
though the amount of ferric iron was double that present in the previous 
titration represented in Curve 2. Adding 5% cone, sulfuric add to the 
phosphoric add solution gave a blank of o 07 cc. potassium permanganate 
(Curve 4) with other conditions, such as ferric iron content, identical. 
Curve 5 represents the titration of 2.87 mg. ferrous iron in the presence 
of 250 mg. ferric iron, added as chloride, and 6% of titrating mixture. 1 
The blank was greatly increased here—amounting to about 0.50 cc., 
which was changed but slightly by the addition of 0.5% cone, hydro¬ 
chloric add. Other data on these titrations are presented in Table V. 

1 Bur, Standards, Circ. 26 (2nd Ed), 11 (1911). 
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Table V.—Electrometric Titrations wtth o.oi N Permanganate. 
(Ferrous Iron « 2.87 Mg.) 



Total 

Ferric iron 



Curve No 

volume. 

added. 


'*Blank" 0 l N 

(Pi*. 14.) 

Cc\ 

Mr 

Acidity conditions 

KMnOt. Cc. 

X. 

IJO 

0.0 

17% sulfuric (cone.) 

0.0 

2. 

200 

28.7 

10% sulfuric (cone.) 

0.35 



57-3 

2.5% phosphoric (85%) 

o o 



4. 

. . 200 

57 3 

2.5% phosphoric (85%) and 5.0% sul- 





furic (cone.) 

o 07 

5. 

.. 215 

250 

6 % titrating mixture. Ferric iron 




added as chloride 

o 50 

6... . 

. . 220 

250 

6 ° 7 c titrating mixture. 05% hydro- 





chloric (cone.). Ferric iron added as 
chloride. 

0-45 


Summary. 

The advantages of the electrometric method for oxidizing and reducing 
reactions may be summarized as follows: 

1. This method permits the use of potassium dichromate with its numer¬ 
ous advantages. 

2. The reduction of the solution with electrometric control eliminates 
the removal of excess reducing agent which must be done with the usual 
methods of reduction. 

3. Conditions, such as acidity, need not be controlled except within very 
wide limits, and hydrochloric, sulfuric or hydrofluoric add, or mixtures 
of these, may all be used. In contrast to these wide limits, note the nar¬ 
row acid limits (1.5 to 2 5% by volume of sulfuric add) within which the 
reduction with sulfur dioxide or hydrogen sulfide must be carried out 1 
and the precautions which must be taken in a permanganate titration in 
the presence of either chlorides or fluorides. 

4. The sensitivity and accuracy of the method make possible (a) the 
determination of a few tenths of a milligram of tin, chromium, ferrous or 
ferric iron, and probably many other elements, in the presence of large 
quantities of some other element, and (6) the determination of blanks in¬ 
volved in some of the ordinary determinations by redudng or oxidizing 
agents. 

5. The time within which a determination can be carried out is greatly 
shortened. The content of ferrous and ferric iron in a silicate, for 
instance, can be determined in from 15 to 30 minutes. 

6. The precision attainable is comparable to the best of the ordinary 
volumetric determinations. 

WlUCHOTOM, D C 

' W. F. HUlebrand, "Analysis of Silicate and Carbonate Rocks,” U. S. Geol. 
Surv., Bull, 423. See page 107 for reference to H»S; work of R. S. McBride rat SO> 
quoted in footnote on page 108. 
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ELECTRICAL APPARATUS FOR USE IN ELECTROMETRIC 
TITRATION. 

By Howard S. Roberts 
R ceivcd July 14, 1919 

The increasing use of the electrometric method of locating end-points 
in certain titrations has made it seem pertinent to discuss and describe 
suitable electrical apparatus for the purpose. The choice of apparatus 
is rendered very different from that of potentiometric apparatus for other 
purposes because of the following facts: (i) We are interested here in 
relative rather than absolute values of the electromotive force developed 
during the titration; (2) the electromotive force frequently changes sign; 1 
and (3) the apparatus must often be used in an atmosphere charged with 
acid fumes. 

The end-point of the titration is located at a point of inflection of the 
curve obtained by plotting, against the volume of titrating solution added, 
the electromotive force developed between an electrode immersed in the 
solution being titrated, and another, whose potential remains constant. 2 
The latter is generally a calomel half-cell, connected through a capillary 
to the solution being titrated. 

The potentiometer used by Hildebrand* consisted of a millivoltmeter 
shunting a variable resistance. Except for the fact that the electro¬ 
motive force of the potentiometer battery is uncertain and variable, the 
variable rheostat might well be calibrated directly in millivolts, and the 
millivoltmeter omitted. It will be shown later that the variation of the 
battery is unimportant and that the rheostat may be calibrated in any 
unit whatever, provided the indications of its scale are practically pro¬ 
portional to the potential drop across it. 

The change of voltage at the end-point is so great, under appropriate 
conditions, that the potentiometer may merely be balanced at the begin¬ 
ning of the titration, and the end-point located by the large, permanent 
galvanometer deflection that accompanies this chan ge.* Apparatus for 
use with this method as applied to the determination of chromium, man¬ 
ganese and vanadium has been designed by G. L- Kelley and others 6 
and has been put on the market. 8 

For more precise work, the end-point of the titration can always be 

1 When titrating with SnCL, for example. 

! J Hildebrand, This Journal, 35, 847-871 (1913). 

3 Loc at, p. 851 

* G S Forbes and E P Bartlett, This Journal, 35, 1527 (1913), G. L. Kelley, 
J, lad. Eng Chem , 9, 780 (1917). 

4 J. Ini Eng Chem, 9,780(1917) 

* Leeds and Northrup 'Co., Bull. 498. 
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located much more closely by plotting. Moreover, many substances 
likely to be present in the solution cause the change of the electromotive 
force at the end-point to be so slow that plotting is absolutely essential. 1 
Thus the usefulness of the Kelley apparatus would be greatly extended by 
the presence of a scale of equal parts on the potentiometer proper. 

If we plot electromotive forces as ordinates against amounts of titrat¬ 
ing solution as abscissas it is obvious that the whole curve may be shifted 
up or down without changing the abscissa of the point of inflection. More¬ 
over, since the coordinates of the point of inflection are independent of 
the scale chosen in plotting the curve, the electromotive force may be 
measured in any unit whatever, whose actual value need not even be 
known. 

From these conditions we see that our potentiometer may be provided 
with a scale, of an arbitrarily chosen unit, whose zero is so placed that 
the scale readings are always positive although the electromotive force 
developed by the potentiometer changes from negative to positive as the 




Fig. i. —Photograph and diagram of simplified potentiometer for use in electrometric 

titration. 

1 Hostetter and Roberts, This Journal, 41 , 1337 (1919). 
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slider is moved along the scale. This condition can be attained by taking 
off a tap at a suitable point along the potentiometer winding, as at O in 
Kg. 1. This method has the very distinct advantage of making it un¬ 
necessary to use a reversing switch when the electromotive force being 
measured changes sign. It also does away with the necessity of writing 
(or forgetting) the minus sign before some of the readings. 

Experience has 3hown that the electromotive force developed by the 
potentiometer may vary 5% from being proportional to the scale reading, 
provided the variation does not change abruptly by an amount greater 
than 1%. The voltage of the potentiometer battery may be permitted 
to change even more than this during the course of a titration without 
causing trouble, because this change, being the result of polarization, is 
gradual and will therefore have very little effect on the shape of the curve. 
Thus an ordinary dry cell may be used, though the resistance of the 
potentiometer should in this case be 50 ohms or more in order that the 
dry cell may have a long life. A single storage cell gives a much more 
constant electromotive force, but is not essential. 

The potentiometer shown in Fig. 1 was made by fitting a boxwood 
ruler to a well known type of rheostat, 1 and mounting the battery switch, 
galvanometer switch and terminals on the ruler. Its resistance is 325 
ohms. The tap at the point 0 is made with a fine, stranded wire soldered 
to one turn of the rheostat winding and reinforced with a drop of De 
Khotinsky cement over the solder All of the connections are on the under 
side of the ruler and are indicated by dotted lines in the photograph. 
This particular rheostat, when used with a single dry cell, will measure 
electromotive forces between about—0.3 volt at a scale reading of 25 
mm. and 4-1.0 volts at a scale reading of 275 mm. 

While several of these potentiometers have been in use for over two 
years and have proven entirely satisfactory, it has seemed desirable to 
find an alternative style of rheostat for them. This has been found, in 
the form of a “tuning coil” for amateur wireless work. It is shown 
diagrammatically in Fig 2, and its connections are indicated. This 
rheostat has two sliders, each of which may be provided with a scale. 
The scale readings may all be made positive by numbering the two scales 
in opposite directions, and arranging them so that when the two sliders 
are set on the last turn of wire to the left the reading on both the scales 
will be alike. Stops of some sort may be provided to stop the sliders 
at this turn. One or the other slider is always left at this point, and a 
balance obtained by shifting the second, one slider being used for positive 
electromotive forces and the other for negative. If the near slider, S' 
in Kg. 2, is placed at the extreme left as shown in the figure and the far 
slider S then moved from the position in Fig. 2 to the extreme left, the 
1 "Jagabi,’' purchased from J. G Biddle, Philadelphia. 
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potential difference between the two sliders will increase from its original 
negative value to zero, while the scale reading will increase to 100, and 
the readings on both scales now will be 100. If the far slider S is now 
left at 100, and the near one S' moved to the right, the potential differ¬ 
ence will increase from zero to some positive value, while the scale reading 
will increase from 100 to some higher value. 



The disadvantage of this rheostat lies in the fact that it is wound with 
copper wire. The coil not only corrodes readily, but the resistance, a 
very few ohms, is so low that the dry cell used with it does not last very 
long. However, it may readily be rewound with resistance wire which 
will correct both of these defects. Some such wire as chromel, nichrome, 
etc., is best for this purpose because the coating of oxide on the wire 
provides ample insulation between the turns. An approximate calibra¬ 
tion curve can readily be constructed for either of these potentiometers. 
The voltage in millivolts of the battery, divided by the length in scale 
divisions of the rheostat winding, gives the value of one scale division in 
millivolts. The voltage represented by any point on the scale is then 
the product of this value by the distance to the zero point of the scale, 
i. e., the point at which the slider and tap-off, or the two sliders, as the 
case may be, make contact with the same turn of wire. 

A millivoltmeter may be connected to the slider and tap-off, or to the 
two sliders, as in Hildebrand’s potentiometer; but it must be borne in 
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mind that a calibration of the potentiometer can not be made in this way 
because of the shunting effect of the mill!voltmeter. 

The Galvanometer. 

As the resistance through the solution and capillary is often several 
thousand ohms, the galvanometer should have a rather high resistance— 
so high as to make it impracticable to substitute an ordinary millivolt- 
meter. It need not be very sensitive; 1 to 2 megohms is sufficient. A 
much greater sensitivity than this is to be avoided because of the tendency 
for the pointer to be deflected off the scale and to follow the insignificant 
changes of electromotive force due to stirring, etc. It should have a 
short period to facilitate rapid work. The other considerations are 
dictated by resistance to acid fumes, convenience, and cost. 

A capillary electrometer may be used in place of the galvanometer. It 
is a cheap, simple instrument to make, but not an easy instrument to 
use, for the movements of the mercury meniscus are very small and it 
is readily put out of commission by a relatively small electromotive force 
applied to it in the wrong direction Where it is used, it should be con¬ 
nected in such a way as to make the mercury side of the electrometer 
become more positive as the voltage changes during titration. This will 
reduce the danger of its becoming deranged 

The inexpensive, portable “flip-flop” galvanometer, 1 though sensitive 
enough, is not always easy to use in a poorly lighted hood. A reflecting 
galvanometer placed outside the hood and arranged to throw a spot of 
light over the top of the operator's head onto a scale, or an index line on 
a white surface, behind the burets, makes an ideal arrangement. The 
box-type, lamp-and-scale galvanometers on the market 2 are also good; 
for, being entirely enclosed in a wooden box, they can be placed in the 
hood behind the burets with little danger that acid fumes will cause much 
damage. 

Cost. 

The material for either of the potentiometers of Fig. 1 and Fig. 2 can 
be bought for about $12. A portable galvanometer can be had for $18 
or $2o, and the reflecting type of galvanometer should not cost more than 
$50. 

Washington, d C 

1 Such as the Leeds and Northrup Company’s Type 1320 or the Weston Model 33 4. 

2 Such as the Leeds and Northrup Company's Type 1410. 
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In the present investigation 3 volumetric methods of determining 
hydroxylamine in aqueous solution have been studied: 

The titanous salt method ,' in which the hydroxylamine is reduced by 
excess titanous salt in acid solution with exclusion of air, and the excess 
titrated with permanganate. 

2NH2OH + Ti 2 (S 0 4 ) 3 = (NH 4 ) 2 S 0 4 + 4 Ti 0 S 0 4 + H 2 S 0 4 . ( 1 ) 
The ferric salt method , 2 in which the hydroxylamine is oxidized in an 
add solution by excess of a ferric salt, the mixture is boiled and the fer¬ 
rous salt formed titrated with permanganate. 

2NH 2 OH -f 2Fe 2 (S0 4 ) 3 = NjO + 4 FeSC) 4 + 2H 2 S0 4 + H 2 0 . (2) 
The iodine method ,* in which the hydroxylamine is oxidized by iodine 
in a neutral solution, e. g., in the presence of disodium phosphate. 

2NH 2 OH + 2l 2 = N 2 0 + 4 HI + H 2 0 (3) 

or 2NH,0H + 2l*“ = NtO + 61" + 4 H+ + H s 0 . 

Our first experiments, with the iodine method, yielded irregular results 
which could not be interpreted until the concentration of the hydroxyl- 
amine solution was accurately determined. An examination of the 
literature showed a rather unsatisfactory state of affairs. The advocates 
of the ferric sulfate method furnish evidence that it is perfectly reliable, 
but Leuba* gives detailed experimental data to prove the contrary, and 
Adams 5 states that he could not obtain reproducible results with it. The 
investigators who have used the iodine method consider it to be fairly 
satisfactory, but some of them state that it is not very accurate, and Rupp 
and Maeder 6 have recently concluded that correct results are obtained 
only by a compensation of errors. Accordingly a study of various methods 
of standardizing an hydroxylamine salt solution was undertaken. 

' A. Staehler, Bcr., 37, 4732 (1904), 42, 2695 (1909)- 

! W. Meyeringb, Ibid., to, 1942 (1877); K. Raschig, Ann., 241, 191 U887); Z. 
angew. Chem., 17, 1411 (1904); Ebler and Schott, J. prakt. Chem., [2] 78, 320 (1908); 
Rupp and Maeder, Arch. Pharm, 251, 297 (1913); Sonimer and Templin, Bn., 47, 
1226 (1914). 

* W. Meyeringh, Ber., io, 1940 (1877): T. Haga, J. Chem. Soc., 51, 794 (1887): 
M. Adams, Am. Chem. J., 28, 198 (1902); A. W. Stewart, J. Chem. Soc., 87, 410 (1905); 
Betrenko-Kritschenko and Kantacheff, Ber., 39, 1453 (1906): Acree and Johnson, 
Am. Chem, J., 38, 316 (1907); Barrett and Lapworth, I. Chem. Soc., 93, 85 (1908). 

* Leuba, Ann. chim. anal, appl., 9, 246 (1904) 

* Adams, Am. Chem. J., a8, 198 (1902). 

* Rupp and Maeder, Arch. Pharm., 251, 295 (1913). 
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The ferric salt and titanous salt methods were proved to be perfectly 
concordant. 1 Since the one method depends upon the oxidation of 
hydroxylamine to nitrous oxide and the other upon its reduction to NH< + 
it follows that both methods must be accurate. The task of comparison 
was simplified by the fact that the results of both methods of analysis 
were obtained for the same solution of hydroxylamine sulfate and were 
referred to the same permanganate solution; possible errors in the calibra¬ 
tion of pipets and burets and in the standardization of the reference 
solution were thus eliminated. 

The Titanous Salt Method. 

The use of an acid solution of a titanous salt as a standard reducing 
agent 2 deserves more attention than it appears to have received. The 
necessary precaution of excluding the oxygen of the air from the stock 
solution and during titrations is easily taken by means of carbon dioxide 
gas, and the preparation of the stock solution by reducing a titanium salt 
solution is not a very difficult task. 

A solution of titanium sulfate, approximately 0.1 molar, and containing 
5% of sulfuric add, was prepared by dissolving titanium dioxide in cone, 
sulfuric add and diluting to the proper volume. This was reduced by 
the method of Van Brunt 3 in a 20-inch Jones reductor heated electrically 
by a resistance coil which surrounded the lower part of the reductor tube. 
The reductor was half filled with amalgamated granular zinc which was 
kept covered with 5% sulfuric add when not in use Reduction was 
rapid at a temperature below the boiling point, and the purplish black 
color showed the progess of the reduction. The wide upper end of the 
reductor was dosed with a rubber stopper fitted with a dropping funnel 
to hold the solution, and with a vent whidi could be closed to force the 
reduced solution into the container. Through the latter a current of 
carbon dioxide was passed. 

A 75 to 100 cc. portion of titanium sulfate solution was reduced in 
each operation. Time was saved by wanning the solution before intro- 
dudng it into the reductor, and 15 to 20 minutes was then sufficient for 
each treatment. With a little practice, a liter of solution can be reduced 
in 4 hours. One difficulty must be noted: the solution should not be 
boiled either before or during reduction, since a predpitate may then 
form. On this account no attempt was made to completely reduce the 
titanium in the solution. 

The titanous sulfate solution (approximately 0.1 N) was shaken and 

1 This result is in agreement with Staehler’s conclusion from two analyses, one by 
each method, which differed by only 0.5%; A Staehler, Ber., 37, 4731 (1904). 

* Treadwell-Hall, Quant. Anal., 191a, pp. 699-701; Knechtand Hibbert, Ber., 36, 
1549 (1903), 38, 3318 (1905). 

* Van Brunt, This Jocxnju,, 36, 1426 (1914). 
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allowed to stand several hours before being used. The solution when 
needed was siphoned into a buret filled with carbon dioxide; the tip of 
the buret was inserted through a rubber stopper into an Erlenmeyer 
titration flask; carbon dioxide was passed into the flask and escaped 
through the hole in the cork into which the buret tip was inserted. The 
container and the top of the buret were permanently connected with the 
carbon dioxide supply. 

The concentration of the solution was determined, just before use with 
hydroxylamine, by means of 0.1 N potassium permanganate solution, 
which had been standardized against Bureau of Standards sodium oxalate. 
In each titration 20 to 25 cc. solution was run into the titration flask, the 
buret tip was slipped out of the hole in the rubber stopper, the tip of the 
permanganate buret inserted, and the potassium permanganate added at 
once to a faint pink. 

The hydroxylamine solution was analyzed as follows: to cc. approx¬ 
imately 0.2 N, or 20 cc. 0.1 N, hydroxylamine was placed in the titration 
flask; about twice the theoretical amount of titanous sulfate was added 
from the buret; after 8 to 10 minutes the excess was titrated with the 
permanganate solution. 

Two titanous sulfate solutions were prepared. Each was standardized 
on the day the corresponding hydroxylamine results given below were 
obtained: 

First solution, o 09887 N, o 09893' N Average, 0.0989 N. 

Second solution, 0.1056 N, o 1058 N, 0.1057 If Average, o 1057 N. 

It follows that the titanous sulfate-permanganate titration is reproducible 
to 0.1 or 0.2%. 

Four consecutive hydroxylamine determinations, made with the aid of 
the first titanous sulfate solution, yielded the following results: 

10.00 cc. of NHjOH solution is equivalent to 18 62, 18.69, 18.69, 18.61 cc. of 0.1 N 
KMnO, 

Concentration of NHjOH, calculated from average, o. 1864 N. 

Concentration of NH,OH, by ferric sulfate method, see below, 0.1865 N. 

Another set of results with a different hydroxylamine sulfate solution 
was obtained with the second titanous sulfate solution. 

2000 cc of NHjOH solution is equivalent to 21.48, 21.62, 21.62, 21.77 cc. of o.I 
N KMnO,. 

Concentration of NHjOH, calculated from average, o.io8t iV. 

Concentration of NHjOH, by ferric sulfate method, see below, 0.1081 If. 

The individual determinations of hydroxylamine by the titanium method 
agree within a few tenths of per cent., and therefore, as will be seen later, 
this method is as satisfactory as the ferric sulfate method. The agree¬ 
ment of the average values from the two methods is better than was to 
be expected, and furnishes a definite proof of the correctness of both 
methods. 
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The Ferric Salt Method. 

Dilute solutions of hydroxylamine sulfate were analyzed as follows; 
io cc. of approximately 0.2 N hydroxylamine (or 20 or 25 cc. of approx¬ 
imately 0,1 N strength) were pipetted into a 400 cc. Erlenmeyer flask which 
contained 50 cc. of ferric sulfate solution (40 g. of Fe 2 (S0 4 )j.9H20 per 
liter) and 15 cc. of sulfuric add (approximately 12 AO; the mixture was 
boiled vigorously for 5 minutes, cooled, made up to about 200 cc. with 
water and titrated with 0.1 N permanganate solution. 

The results obtained with one solution follow; 

1000 cc. of solution, 18 84, 18 39, 18 43, 18 61, 18 61 cc of o 1 A’ KM11O4 (con¬ 
centration, from average, o i860 N NH s OH). 

After 3 weeks, 18 59, 18 69, 18 64 cc (average, o 1864 N NHiOH) 

After 6 weeks, 18.63, 18 69, 18 64 cc (average, o 1865 N NHjOH) 

Equally satisfactory results were obtained with other solutions. It is 
evident that the results are reprodudble to within a few tenths of a 
per cent, and that the hydroxylamine sulfate solution undergoes little, 
if any, change of concentration over a considerable period of time. 

In the above experiments the hydroxylamine solution was added to 
the ferric sulfate-sulfuric acid solution at room temperature, and a few 
minutes elapsed before the solution could be heated to boiling. The fol¬ 
lowing data show that the result is not appreciably altered when the 
hydroxylamine is added to a boiling solution 

aooo cc of NH;OH solution, usual method, 21 62, 21.65, 21 62, 21.60 cc. of o 1 
TV KMnO* (concentration, from average, 0.1081 N NHaOH) 

2000 cc of NHjOH solution, added to a boiling Fe a (S0 4 )i solution, 21 72. 21 66 cc. 

The time of vigorous boiling may be made longer than 5 minutes- 
One experiment in which this time was 20 minutes agreed with the ref¬ 
erence experiments within 0.4%. 

The already large excess of ferric salt (about 3-fold) may be greatly 
increased. In one experiment in which 3 times the usual volume of ferric 
sulfate solution was added the result was unchanged. 

The presence of ammonium salts in large amount does not affect the 
results, and the ferric sulfate can be replaced by ammonium iron alum. 
One of several series of results with 10.00 cc. of hydroxylamine sulfate 
solution, 40 cc of a solution of ammonium iron alum saturated at room 
temperature, and sulfuric acid is given. 

18.67, 18.67, 18.67, 18.68 cc of 0.1 N KMnO< 

The average of aseries with ferric sulfate instead of the iron alum (18.62 cc.) 
agreed with these results within 0.3%. 

The conditions outlined above for the analysis are those originally 
recommended by Raschig, viz., the large excess of ferric salt, the boiling, 
and the presence of acid. Our results thus confirm the work of those 
who endorsed the method, and disprove the criticisms of Adams. Of the 
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detailed results of Leuba only one was obtained under the conditions 
recommended, and this discordant result must be rejected. 

That errors will result when the analysis is made under other conditions 
was pointed out by Raschig. He emphasized especially the large error 
that will be made if the permanganate is added before the reaction 
(Equation 2) is completed: too much potassium permanganate is then 
used, and nitrogen is oxidized beyond the nitrous oxide stage Leuba’s 
results (except the one referred to in the preceding paragraph) illustrate 
the magnitude of this error, e. g., 55% and 30% excess permanganate was 
required after the hydroxylamine, excess ferric alum, and sulfuric acid 
had been digested for s / 4 hour at 26° and 82°, respectively. 

If the permanganate is added while hydroxylamine is still present an 
error of this kind will result. Raschig 1 investigated this reaction in the 
presence of sulfuric acid (and absence of ferric sulfate); the amount of 
permanganate varied from about 2 to 1.5 times that necessary to form 
nitrous oxide, while the temperature of the hydroxylamine solution was 
varied between room temperature and ioo°. Raschig accordingly rejected 
the permanganate method of analysis. 2 

With regard to the reaction between hydroxylamine and excess ferric 
sulfate Raschig * concluded that the hydroxylamine was rapidly used up, 
and that the positive error was due mainly to the presence of an inter¬ 
mediate substance, nitroxyl, NOH,—which was completely transformed 
into nitrous oxide by the 5-minute boiling The recent work of Angeli 4 
furnishes additional evidence in favor of nitroxyl as a possible intermediate 
step; but the existing evidence is scarcely sufficient to enable us to deter¬ 
mine just when the positive error is due to reaction of potassium per¬ 
manganate with hydroxylamine and when due to nitroxyl. That it is not 
due to a reaction between potassium permanganate and nitrous oxide we 
found by a direct experiment. 

While the necessity of boiling the solution had thus been demonstrated, 
we did not find quantitative data with regard to the errors that might 
result from a variation of the concentrations of acid and ferric sulfate. 
To obtain this information the following experiments were performed in 
this laboratory by Dr. H. E. Miller. 

Effect of Varying Concentration of Acid. —The experiments listed below 
followed the standard precedure: the volume noted in the fifth 
volumn is the volume of solution boiled for 5 minutes. Dilution to 200 
ce. after cooling was found to have no effect on the amount of perman¬ 
ganate used in the titration. 

* Raschig, Ann,, >41, 188 (1887). 

1 In spite of this warning the method has been used Cf. Patten and McCaughey, 
Trans Am. EUcirochem. Soc, 15, 544 (1909). 

'Raschig, Z. angew. Chem., 17, 1411 (1904). 

* Angeli, Ahrens' Sammlung, 13, 1 (1908). 
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Cc ferric Cc. 12 N Volume. Cc. KMnOt, Titration revolt. 

No. sulfate. H9SO4. Cc. ✓-*-* % theoretical. 

Using 25 cc. of Hydroxylamine Solution. 

1 . 5° is 9° 23 0. 23.05, 23.0 100% 

2 . 50 15 101 23.0, 23.95, 100% 

3 . 50 7-5 86 22.95, 23 o 22.90 99-8% 

4 . 25 4 101 22.90. 99-6% 

5 . 50 2 75 22.74 . 98-9% 

6 . 25 i 75 22 60, 22 65 98-4% 

7 . 50 o 100 22.23 96.6% 

8 . 50 NaAc 100 22 20 ... ... 96.5% 

Using 10 cc. of Hydroxylamine Sohition. 

9 . 25 o 75 8.85 . 96 2% 

10. 25 NaAc 75 8.85, 8.92 ... 96.6% 


These results show that a lowering of the concentration of the sulfuric 
acid produces a negative error. The error is negligible when the amount 
of acid used is half that recommended in the standard procedure, but 
may be as large as 3 or 4% when no acid is used. Expts. 8 and xo 
were duplicates of 7 and 9, respectively, except that sodium acetate was 
added initially to the ferric sulfate solution in order to keep the hydrogen 
ion concentration low during the reaction. However, although the acid 
formed in the reaction made the hydrogen ion concentration higher in 
Expts. 7 and 9, the results were practically the same as in Expts. 8 and 10. 

After some experimentation this negative error was found to be due to 
the oxidation of ferrous salt by oxygen of the air. This reaction occurs 
mainly during the first stage of the operation while the solution is being 
heated from room temperature to the boiling point. In an acid solution 
at room temperature in 1 hour there is no appreciable oxidation of ferrous 
sulfate solution in contact with air. 

Some of the above experiments were repeated in an atmosphere of car¬ 
bon dioxide (which contained only about 0.1% oxygen); the ferric sulfate 
solution was boiled to expel the air and cooled under carbon dioxide, the 
hydroxylamine was added, the mixture was boiled for 5 minutes, some 
sulfuric add was added, the mixture was again boiled, and cooled under 
carbon dioxide. The apparatus consisted of an Erlenmeyer flask dosed 
with a 3-hole rubber stopper, fitted with an inlet and outlet for carbon 
dioxide and a separating funnel (with stopcock) for introducing the 
hydroxylamine. The experiments are numbered to show the relation to 
the corresponding experiments in the first table. 

Experiments in an atmosphere of carbon dioxide. 

3(b), Vol. = 100 cc.: 23.02, 23.0, 22.95 cc. KMnO* (100% instead of 99.8%). 

j(fr), Vol. « 100 cc.: 22.92 (99.7% instead of 99.6%). 

7(d), VoL « 100 cc.: 22.65, 22.64, 22.68, 22.82 (98.6-99.2% instead of 96.6%). 
In these experiments the error was greatly reduced; and, since the elim¬ 
ination of air could scarcely have been complete, it seemed probable that 
the negative error was due solely to the oxygen in the air. 
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Finally we tried the elimination of this error by the simple method 
of boiling the ferrous sulfate solution to expel the air, and introducing 
the hydroxylamine into the boiling solution from a pipet. Otherwise the 
experimental conditions were the same as in Expt. 7. 

No. 7(c), Vol. = 75 ec.: 23.0, 23.0 ec. KMn0 4 , 100%. 

There are therefore two satisfactory methods of preventing an error 
due to the oxidation of the ferrous salt by oxygen of the air: 

(1) by the use of the regular procedure; the hydroxylamine is added 
at room temperature to excess ferric sulfate in a solution which is 2 to 3 
normal with respect to sulfuric acid; 

(2) by adding the hydroxylamine slowly to a boiling ferric sulfate 
solution. 

Effect of Varying Ferric Sulfate Excess.— The experiments listed below 
were performed by the regular procedure. The ferric sulfate was much 
less than the usual amount, except in Expts. 11,12 and 13. The amount is 
shown in the third column as number of equivalents in terms of the 
hydroxylamine used. Thus 1.40 means that the amount of ferric sulfate 
was 40% greater than the theoretical amount necessary to oxidize 
hydroxylamine to nitrous oxide; 25 ce. of ferric sulfate was in theory suf¬ 
ficient to oxidize 38.4 cc. hydroxylamine solution. It is to be noted that 
in Expts. 21-25 tf |e amount of acid was much less than usual. 

Ferric sul- Cc 



fate referred 

1 2 N 

Volume 

Cc KMnO«. 

Titration result, 

No 

to NHiOH. 

HiSO« 

Cc. 


—• % theoretical. 


Using 25 ce. of Hydroxylamine Solution. 


11 

2 95 

•5 

90 

23 0, 23.05, 23 

0 100% 


Using 10 cc. of Hydroxylamine Solution. 


12. 

. 3 84 

7 5 

65 

9.2, 9.2 

100% 

■3 . 

2 92 

15 

65 

92, 91 

100% 

14 . 

• ■■ 2 33 

>5 

65 

9 2 

100% 

13. .. . 

■ ■ 1 75 

15 

65 

9 25, 9 25 

100.5% 

16. 

I S3 

7 5 

65 

94 

toa% 

17 . 

. 1-45 

15 

65 

9 45. 9 30 

101 to 103% 

18. 

. . . 1.40 

8 5 

50 

J1.3+ 

123+% 

*9 l . 

I . 40 

8.5 

50 

9.6 

104.4% 


Using 25 

cc. of Hydroxylamine Solution. 


20. 

.... 1 08 

7 5 

9 1 

24 2, 24.8 

105-168% 


Using 10 cc. of Hydroxylamine Solution. 


31.. . 

. 1 • 75 

l 

65 

9 15. 9 15, 

9 15 99-5% 

22 ....... . 

. 175 

1 

65 

9-1 

99 % 

23. 


I 

50 

9 . 1 , 905 

98.8% 

2 4‘. 

. 1.40 

1 

50 

9 1 

99% 


Using 25 cc. of Hydroxylamine Solution. 


25. 

. 1.08 

3 

SO 

33.6 

102% 


1 In Expts. 19 and 24 the time of boiling was 30 minutes instead of 5 minutes. 

Expts. 15 to 20 furnish dear evidence of a positive error when only a 
small excess of ferric sulfate is used. The results are irregular when only 
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40% or less excess ferric salt is used, and in one experiment (18) the per¬ 
manganate end-point was not definite; in this case the titration was dis¬ 
continued before a permanent color was obtained. In the companion 
experiment (19) with 30 minutes’ boiling instead of 5 minutes the end¬ 
point was permanent. It was found by experiment that fleeting end¬ 
points (and high positive errors) were characteristic for experiments in 
which the reaction mixture was not heated, or was heated only to boiling. 
The error due to the small excess of ferric salt, therefore, is similar in 
character to that due to insufficient boiling in the standard procedure, 
and is doubtless due to the presence of hydroxylamine or nitroxyl when 
the permanganate is added. (See discussion earlier in paper.) 

The results in Expts. 21 to 25, where the concentration of acid also is 
low, are more nearly correct; but this may be due to a compensation of 
the positive error resulting from incompleteness of the reaction and the 
negative error due to oxygen (which is favored by a low concentration of 
acid). To obtain further evidence the following experiments were per¬ 
formed in which the oxygen error was eliminated by adding 25 cc. of 
hydroxylamine solution from a pipet to the boiling ferric sulfate solution, 
as in Expt. 7(c). In Expts. 27 and 28, while no acid was added initially, 
in order that the permanganate titration might be made satisfactorily, 
6 cc. of 6 N sulfuric acid was added to the hot solution after 5 minutes’ 


boiling and just before the rapid cooling. 




Feme sul¬ 
fate referred Cc. 12 AT 

Volume 

KMnO*. 

Titration result, 

No 

to NHiOH. H1SO4 

Cc. 

Cc. 

% theoretical. 


Using 25 cc. of Hydroxylamine Solution. 


26 

1-45 15 

80 

27.1 

1*7% 

27 

1 45 0 

75 

22.95 

99 8 % 

28 

1.16 0 

75 

22.9 

99 - 6 % 


The slight negative error in Expts. 27 and 28 indicates that the oxygen 
error was not quite completely eliminated, but they serve to show that 
the positive error is negligible when the ferric sulfate excess is small pro¬ 
vided that the sulfuric acid concentration also is small. In other words, 
a high concentration of sulfuric add retards the reaction, and the reaction 
can be completed in 5 minutes’ boiling only when a very large excess of 
ferric sulfate is used. This condusion is confirmed by the result of Expt. 26. 

With regard to the relative merits of the two methods of making the 
ferric sulfate analysis, listed at the end of the preceding section, we are 
inclined to favor the first one, the regular procedure, since it has been 
more thoroughly tested. Also as noted in the preceding paragraph there 
seems to be a slight tendency towards a negative error in the second 
method. 

Effect of the Presence of Chloride Ion.—While hydroxylamine sulfate 
was used throughout our experiments, it is certain that the ferric sulfate 
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method is equally applicable to the analysis of hydroxylamine hydro¬ 
chloride. Permanganate is not added until the final solution has been 
cooled and diluted, and the concentration of chloride ion will then be so 
small that there can be no appreciable reaction to form chlorine. Ras- 
chig’s original experiments to test the method of analysis were made with 
hydroxylamine hydrochloride, and we also found that the addition of an 
amount of hydrochloric add approximately equivalent to the hydroxyl¬ 
amine made no appredable difference in the result. 1 

Analysis of the Gas Formed in Reaction 2. —At an early stage in this 
investigation, while we were still uncertain that hydroxylamine was 
quantitatively oxidized by the ferric ion to nitrous oxide, Mr. G. S- Parks 
undertook the analysis of the gas involved. He constructed an apparatus 
which enabled the hydroxylamine solution and the ferric sulfate-sulfuric 
add solution to be mixed after the apparatus had been evacuated. Gas 
was evolved only very slowly at room temperature, but rapidly when the 
solution was heated to boiling. The gas was analyzed by adding excess 
hydrogen, burning and measuring the contraction; then adding excess 
oxygen, burning and measuring the contraction; absorbing the oxygen 
and measuring the residual nitrogen. The gas was found to be pure 
nitrous oxide within the experimental error. Three complete analyses 
gave 98.1, 99.9 and 100.0% nitrous oxide; a fourth analysis, based solely 
on the contraction with hydrogen, gave 101% nitrous oxide. 

The Iodine Method. 

The reaction between iodine and hydroxylamine in aqueous solution, 
as earlier investigations have shown, is rapid at low hydrogen ion con¬ 
centration, e. g., in the presence of sodium hydrogen carbonate or 
disodium phosphate. The rate is extremely slow in the presence of add. 
Thus when o. 1 N iodine solution (in potassium iodide) was added drop 
by drop to 10 cc. of 0.1 N hydroxylamine sulfate solution, three drops (0.10 
cc.) gave a color which persisted for several minutes; the minute amount 
of add formed in the reaction with this amount of iodine gave a suffi- 
dent concentration of hydrogen ion practically to stop the reaction. In ' 
another experiment in 72 cc. of solution containing disodium phosphate and 
phosphoric add in the proportion of 2:1, 0.06 cc. of iodine solution gave a 
distinct color When in each of these experiments excess disodium phos¬ 
phate solution was added, iodine was rapidly used up. Even in the 
phosphate solution, however, the reaction was not instantaneous near the 
end-point. On this account, after the preliminary experiments, the end¬ 
point was usually obtained by adding iodine solution in excess, usually 

1 Cf the recent experiments on the effect of the presence of chloride in the de¬ 
termination of nitrite by permanganate, Laird and Simpson, This Journal, 41, 530 

(1919)- 
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about 5 oc. and after 3 to 5 minutes completing the titration with thio¬ 
sulfate solution. 

To remove the hydrogen ion formed in the reaction a phosphate solu¬ 
tion was used which contained in one liter o.r mol of disodium phosphate 
and enough phosphoric add to make the solution colorless when tested 
with phenolphthalein; the ratio of disodium phosphate to sodium dihy¬ 
drogen phosphate in the solution was about 10 to 1. By using 200 cc. of 
this solution with 20 to 25 cc. of 0.1 N hydroxylamine sulfate the ratio of 
the monohydrogen and dihydrogen phosphates in the final solution was 
made about 2: 1. Under these conditions there is no danger either of 
iodate formation, or of incomplete oxidation of hydroxylamine. 

In our first experiments, even after elimination of the low results due 
to incomplete reaction (in the presence of too much add), the results 
were extremely variable, the extremes differing by over 15%. As reported 
by other investigators, many factors were found to influence the results. 
When the total volume of the solution was large the results were relatively 
high, as Haga has pointed out. Increase of the concentration of iodide 
ion by the addition of potassium iodide tended to lower the results, although 
Haga had found that the presence of neutral salts, as sodium sulfate, caused 
high results. Increase of temperature, in the case of incomplete reaction, 
caused the reaction to proceed towards completion and thus raised the 
result; in other cases, however, low temperature seemed to favor high 
results. A very important factor was the method of adding the phos¬ 
phate and iodine solutions,—-including the order of mixing, and the time 
allowed. The results were very high when the phosphate and hydroxyl- 
amine solutions were mixed and the titration made by adding iodine to 
the mixture. Much lower results were obtained when the end-point 
was approached from the acid side, e. g., by mixing iodine and hydroxyl- 
amine and gradually adding the phosphate solution, or by adding the 
iodine and phosphate solutions alternately. 

When the hydroxylamine solution was accurately standardized by the 
two methods already described in this paper, and the theoretical results 
for the iodine titration compared with the actual data, it was found that 
the results described in the preceding paragraph as relatively high were 
definitely in error. For example, when 200 cc. of phosphate solution and 
10 cc of hydroxylamine solution were mixed at room temperature before 
any iodine was added, two determinations gave 21.33 and 21.22 cc. of 
o.i N iodine solution, while the theoretical result was 18.64 cc. Positive 
errors were the rule rather than the exception, at least when precautions 
were taken to ensure completeness of reaction. 

The only definite source of error already known is nitrite formation, 
demonstrated by Haga. Since this involves oxidation of the nitrogen 
beyond the nitrous oxide stage, too much iodine must be used, and a 
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positive error results. The conditions desorbed above as favoring high 
results thus presumably favor nitrite formation. 

We next developed an empirical method which gave theoretical results. 
To the hydroxylamine solution in an Erlenmeyer flask was added an 
excess of 0.1 N iodine solution from a pipet or buret; 40 cc. of phosphate 
solution was added from a buret in 5 cc. portions at 2-minute intervals 
and then the remaining 160 cc. of phosphate solution was added; after 
5 minutes the excess iodine was titrated with 0.1 Al thiosulfate solution, 
nit was observed that the reaction between hydroxylamine and iodine was 
nearly completed by the time the 40 cc. of phosphate solution had been 
added. In one set of experiments with 10 cc. of 0.1864 A hydroxylamine 
solution, while the theoretical result was 18.64 cc - of 0.1 N iodine solu ion, 
the following results were obtained: 18.78, 18.56, 18.58, 1871, 18.66, 
18.60 and 18.46 cc. of 0.1 N iodine solution. Thus the results are repro¬ 
ducible, but only when the prescribed conditions are maintained. 

The question arose as to whether this method gave correct results only 
because there was a compensation of errors. Direct evidence was finally 
obtained by determining accurately the amount of nitrite in the final 
solution. Nitrite was always found; and since this implies a positive 
error there must have been an as yet undiscovered compensating negative 
error. 

The method used in the determination of nitrite in the presence of phos¬ 
phate and iodide was that developed independently by Chabrier 1 and by 
Raschig 3 which has recently been tested by Davisson.’ It depends upon 
the fact that nitrite does not react with iodide in neutral solution, but 
is quantitatively reduced to nitric oxide in the presence of arid; the lib¬ 
erated iodine, is titrated with thiosulfate solution after 2 minutes. Air 
is excluded by means of carbon dioxide, since otherwise nitric oxide would 
react with oxygen, the product would be reduced by iodide, and the forma¬ 
tion of iodine would continue due to continued repetition of this cycle. 
The presence of nitrous oxide has no effect since nitrous oxide does not 
oxidize iodide ion in acid solution. 

In analyses made by the empirical method with 25 cc. of hydroxyl¬ 
amine sulfate solution, the theoretical value is 25.16 cc. of 0.1 N iodine 
solution, but the final solution was found to contain enough nitrite to 
liberate 0.60 to 0.70 ec. of iodine when the nitrite was reduced to nitrous 
Oxide. This would correspond to a positive error in the iodine titration 
of 1.2 to 1.4 cc. of 0.1 N iodine solution (the amount being doubled since 

1 Chabrier, Encyclopfd.it chtmique, 4, 262 (.1888); see WUey, Prmc. and Prod, of 
Apu. Anal., 2nd Ed., II, 474 (1908) 

’ Raschig, Ber., 38, 3911 (1903) 

* Davisson, Tins Journal, 38, 1683 (1916). 
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the theoretical result is based on the quantitative formation of nitrous 
oxide), which is an error of about 5%. 

The final solution after the iodine titration might also contain nitroxyl, 
and it was therefore necessary to devise a method of eliminating this 
substance. From Raschig's work and our own experiments with the ferric 
sulfate method it seemed certain that this could be done by boiling the 
final solution. The effect of boiling on the nitrite method was accord¬ 
ingly determined. It was found that a mixture of nitrite, iodide, and 
200 cc. phosphate solution could be boiled for 5 minutes without appre¬ 
ciable loss of nitrite, However, when a solution containing tetrathionate, 
iodide, and phosphate was boiled an appreciable amount of a reducing 
agent was formed, and the quantity continued to increase with continued 
boiling. The reducing agent was determined by titration with iodine; 
after several hours’ boiling the formation of reducing agent was still con¬ 
tinuing, although the amount of iodine that had been used was over 
twice that necessary to form the original amount of tetrathionate from 
thiosulfate; no sulfur was precipitated. 

Since it was evidently impossible to boil any final solution (after the 
iodine titration of hydroxylamine) which contained tetrathionate, some 
experiments were performed in which sulfurous acid was used instead of 
thiosulfate. The sulfurous acid titration was the basis of the original 
Bunsen method of determining iodine, and is reliable provided the sul¬ 
furous acid solution is standardized each day before use. However, the 
titration was found to be unreliable in the presence of our phosphate 
solution; too much sulfurous acid was used, and errors of more than 10% 
were observed. When the phosphate solution, after this titration, was 
boiled for 5 minutes no reducing agent was formed. Accordingly sulfurous 
acid was used simply to remove the excess of iodine in the hydroxylamine 
determination; analyses were made by the empirical method, with 25 
cc. of hydroxylamine solution as in the experiments described in the 
preceding paragraph; the final solution was boiled for 5 minutes, and 
cooled under carbon dioxide, the amount of nitrite was found to be prac¬ 
tically the same as before. It follows that, in the empirical iodine method 
for determining hydroxylamine, nitrite is formed corresponding to a pos¬ 
itive error of about 5%, and that there must be a compensating negative 
error. 

Before describing our final experiments the results of a number of 
experiments will be described in which the final solution after the iodine 
titration was acidified with sulfuric acid in the presence of air. The same 
behavior was observed as in blank experiments with nitrite in the presence 
of the phosphate solution, the formation of iodine was rapid at first and 
was continuing only very slowly after 24 hours. In the experiments by 
the empirical method, similar to those in which nitrite was determined, 
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after 24 hours the amount of iodine liberated in the acidified solution was 
equal to 10 to 16 cc. of 0.1 N iodine. This was not greater than was to be 
expected for the amount of nitrite known to be present. Also when the 
solution was again made approximately neutral by the addition of a large 
amount of solid disodium phosphate, hydroxylamine was found to be 
absent. There is therefore no evidence that the formation of nitroxyl 
from hydroxylamine by means of iodine is a reversible reaction. Before 
the nitrite experiments were performed we had thought that the large 
amount of iodine formed on the addition of acid was due, in part at least, 
to a reaction between nitroxyl, iodide ion and hydrogen ion. 

The negative error referred to in the paragraphs just before the pre¬ 
ceding one was proved to be due to the presence of oxygen of the air 
This error appears to be absent when the hydrogen ion concentration is 
very low throughout the reaction between hydroxylamine and iodine, 
e. g., when the phosphate solution is added before the iodine. Any nitrite 
formed remains in the solution unchanged, since it cannot react with 
iodide ion under these conditions. On the other hand, this error is en¬ 
countered when the phosphate solution is added slowly to the hydroxyl- 
amine-iodine solution, as in the empirical method It seems probable 
that the hydrogen ion concentration is then large enough to permit of 
some reaction between the nitrite and iodide, the nitric oxide formed is 
oxidized by oxygen and the product is reduced, with the result that some 
iodine is liberated due to the presence of oxygen. According to this theory' 
the correctness of the empirical method depends upon the time allotted 
for the addition of the phosphate solution, and it is to be predicted that 
low results will result if this time is increased. The following experiments 
were performed by the empirical method of analysis, except that in the 
second and third experiments, after 30 cc of phosphate solution had been 
added, the mixture was allowed to stand in contact with air for 1 and 12 
hours, respectively. 


25 cc of Hydroxylamine Solution 

lime of interruption 
after addition of 
30 cc phosphate 

2 min . 

1 hour 
12 hours 


= 23 16 cc of o 1 N Iodine Solution. 

Result of Nitrite deter- 

titration Cc of minatsoti Cc. of 
0 1 AT iodise solution 0 1 AT iodine solution 

.. 23 2 07 

. 22 I 06 

21 O O 25 


The results, in the second column, are distinctly low in the second and 
third experiment, as was expected. It is interesting to note that the 
nitrite also decreased with time, which also favors the theory outlined 
above. Two additional experiments were performed by the empirical 
method but in the presence of carbon dioxide. In the first experiment, 
in which the air was only partially eliminated, the final result was 23.3 
cc. of 0.1 N iodine solution, and the nitrite determination 0.6 cc. of iodine 
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solution. In the second experiment, where the exclusion of air was more 
satisfactory, the final result was 23.5 cc. of iodine solution, and nitrite 
0.55 cc. of iodine solution. Thus when the amount of air is decreased 
the titration results are somewhat higher. 

The iodine method therefore seems to be of little value. The empirical 
method gives correct results only on account of a compensation of the 
positive error due to nitrite by the negative error due to oxygen. Nitrite 
is formed under widely different conditions, and it seems scarcely worth 
while to continue the search for conditions in which the oxidation to 
nitrous oxide will be quantitative. 

Reaction of Iodine and Thiosulfate in Disodium Phosphate Solution. 

As a result of the observation of the instability of tetrathionate in the 
hot phosphate solution, referred to above, some experiments were per¬ 
formed on the reaction between iodine and thiosulfate in the presence of 
phosphate. It is recalled that our disodium phosphate solution contained 
a small proportion of sodium dihydrogen phosphate. 

When the iodine-thiosulfate titration was made in this solution at room 
temperature an error of about 1% was observed, in the direction that too 
much iodine was used. 1 This error was eliminated if enough add was 
first added to the phosphate solution to convert the disodium phosphate 
into a mixture of sodium dihydrogen phosphate and phosphoric acid. It 
is to be noted that in the hydroxylamine determination, since thiosulfate 
was used to determine the small excess of iodine added, a slight positive 
error was thereby introduced. It was negligible, however in comparison 
with the large positive error due to nitrite. 

Three experiments on the reaction between iodine and thiosulfate in 
disodium phosphate solution at a higher temperature were made for us 
by Miss Jennie Clauson in this laboratory. 8.8 cc. of 0.1 N thiosulfate 
solution, somewhat more than an eightfold amount of iodine in potassium 
iodide solution, water, and 18 g. of NajHPO,.i2H 2 0 were placed in 100 
cc. Pyrex glass tubes, the tubes were sealed and heated at 70 to 90 0 in a 
water-bath for about one hour, The excess iodine was determined at 
room temperature by titration with thiosulfate. 


Bxpt. No. 

1 . 

2. 

3 . 

Temperature (approx.)... 

. 70 ° 

70 ° 

90' 

Cc. Thiosulfate 

Solution Equivalent, 



Iodine solution. 

. 79-6 

79.6 

79.6 

Iodine excess. 

. 10.5 

JO .33 

8.6 

Iodine used. 


69 05 

71.0 

l /» iodine used. 

. 8.64 

8.63 

8.87 

Thiosulfate solution used. 

. 8 8 

S.8 

8.8 


1 That iodate was not formed was proved by acidifying the final solution with 
HjSO,; there was no liberation ofiodine at once. 
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Within the limits of the experimental error the amount of iodine used 
is 8 times that required to oxidize the thiosulfate to tetrathionate. It is 
obvious that there is quantitative oxidation to sulfate. 

SjO*— + 4la + 5H1O = 2SO4— + 81 - + 10H+. 

While the corresponding reactions with excess bromine and chlorine are 
well known, we have as yet found no reference to this reaction for iodine. 

Quantitative Oxidation of Hydroxylamine to Nitrate. 

The work of Knorre and Arndt 1 shows the scarcity of quantitative re¬ 
actions when hydroxylamine is treated with oxidizing agents. On this 
account it is interesting to note that Rupp and Maeder 2 have recently 
demonstrated the quantitative oxidation of hydroxylamine to nitrate in 
acid solution by excess of a bromate-bromide mixture or of a hypo- 
bromite-bromide mixture. Since bromine can be formed in both cases 
it seems certain that bromine will have the same effect. 

Early in the present investigation we made a few experiments on the 
reaction between hydroxylamine and hypochlorous arid, the latter in 
small excess over that necessary for oxidation to nitrate assuming reduc¬ 
tion of hypochlorous arid to chlorine. Precautions were taken to prevent 
loss of chlorine, and the total amount of oxidizing agent that remained 
after a few minutes was determined by adding potassium iodide and 
titrating the iodine formed with thiosulfate. The amount of hypochlorous 
arid used in this reaction was found to vary between 90 and 97% of that 
calculated for oxidation of hydroxylamine to nitrate. It seems not im¬ 
probable that conditions could be found in which this reaction would be 
quantitative, but we have not had an opportunity to continue these 
experiments. 

S ummar y. 

Three methods for the determination of hydroxylamine have been 
investigated: (1) the reduction of hydroxylamine to ammonium salt by 
excess titanous salt in arid solution, (2) the oxidation to nitrous oxide by 
excess ferric sulfate in sulfuric add solution, with titration of the ferrous 
salt by permanganate solution, and (3) the oxidation to nitrous oxide by 
iodine in a solution kept neutral by means of sodium monohydrogen 
phosphate. 

The titanous salt and ferric salt methods were found to be accurate, but 
the iodine method was unsatisfactory. 

in addition to the known positive error in the ferric salt method, which 
is due to the addition of permanganate while some hydroxylamine or an 
intermediate product, nitroxyl, is still present, a negative error due to 
oxygen of the air was found under certain conditions. Both errors are 
easily avoided. 

1 Knorre and Arndt, Ber., 33, 30 (1900). 

* Rupp and M aeder, Arch. Pharm., 251, 298 (1913). 
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NOTES. 


In the iodine method three errors were encountered: (i) that due to 
incomplete reaction, which is avoided by the addition of disodium phos¬ 
phate, (2) nitrite formation which occurs under all the conditions inves¬ 
tigated and corresponds to a positive error, and (3) absorption of oxygen 
of air, which corresponds to a negative error. An empirical method was 
developed for obtaining theoretical results, but it was shown to be correct 
only on account of compensation of errors (2) and (3). 

Hydroxylamine is oxidized mainly to nitrate by hypochlorous acid solu¬ 
tion in excess. 

In a disodium monohydrogen phosphate solution thiosulfate can be 
oxidized quantitatively to sulfate by iodine. The reaction is rapid at 70°. 

Berkeley, Caufohnia 


NOTES. 

Corrections.— "A New Theory Relating Constitution to Taste.” The 
following corrections should be made in the article which appeared under 
this title in the June issue: 1 

P. 859, first formula on third line, C 0 2 H.CHNHCH 3 -(H), and first 
formula on 5th line, CHjOH.CH 2 .CHOH-(H) . The (H) should be omitted 
in both cases. 

P. 859, in line 7, formula CHONO-(H) should read CHjONO-. 

P. 860, classification of auxoglucs. Formula given under (3), C„H 2 „ +10 
should read C„H 2 „ + iO, and formula under (4), C,If 2n+ 10 „ should 
read C*H 2 „ + , 0 ,. 

P. 86i, formula of serine, CH 3 0 HsCHNHjC 0 2 H, should read CHjOH.- 
CHNHj.COjH. 

P. 663 and 664. In Tables I, II and III, last line, the formula of the 
auxogluc should read in each case C n H 2 .+ jO„. 

P. 867, under (2) the fifth formula, C§7—, should read Ch}~ x — . 

P. 867, (3}, the first formula under (ft), C„H 2 „ + iO, should read 
C.Hz.+ i, and the first formula under (d), C x H 2 „~iO„, should he 
CnH2„+ iO*. 

Ernest Oertly, 

Rollin G. Myers. 

Correction. —The omission of certain lines from Table III of my paper, 
in the July Journal, 8 on “The Activities of the Ions of Strong Electro¬ 
lytes’’ makes the material there presented difficult for a reader to interpret. 
The activity ratios (Cols. 9 and 10) refer to the pairs of concentrations 
of hydrochloric acid and potassium chloride given in Cols. 4 and 5. 
A correct version of the table appears below. 

1 This Journal, 41, 855 (1919). 

1 Ibid., 41, 1089 (1919). 
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Table III. 


Activity ratio* 

Type Concentration* Trans m/tf* for 

Sub- of ,-'-- E M P, No of ----. 

stance, cell. Temp Ci C* of cell. cation. Ci~. h+ 

HCl B 18° o 006686 o 001665 —o 05614 o 853 ^ g J. 

KC1 B o 006700 o 001670 —o 03330 o 495 3 2 3 * J. 

HCl B 18 0 0.008315 o 001665 —0.06487 o 833 J 

KC1 B o 008329 o 1101670 —o 03844 o 495 ^ 74 j 

HCl B 18° o 01665 o 001665 —o 09235 o 833 g gfi J. 

KC1 B o 01670 o 001674 —o 05434 o 496 ‘ J 

HCl I) [8° o 03330 o 003329 —o 09162 o 833 J 

lr .. . o 7^ 9 14 T 

tv Cl H o 03347 o 003347 *—o 05403 o 496 _J._ 

HCl A 25“ o 05 o 005 -« 11234 _ , . N. and E' 

KC1 A o 05 o 005 —o 11085 . M. and P 

HCl A 

HCl A 

KC1 A 

KC1 B 


25° 

0 I 

0 01 

—u 1116 

N and 

E. 

0 1 

0 01 

—0 1117 

8 33 9 23 g 


25° 

0 1 

t) 01 

—0 io8c) 

M. and 

P. 


0 I 

0 01 

—O 0540 

0 495 M. and 

P. 


D. A. MacInnbs. 


[Contribution prom the Chemical Laboratory op Harvard University.) 

STUDIES IN THE CYCLOPROPANE SERIES. 

VII. NITROCYCLOPROPANES. 

By E P. Kohler and H. F. Engelbrecht. 

Received May 31, 191** 

Esters of cyclopropane acids that have either two carboxyl groups or 
a carboxyl and a ketonic group in combination with one of the ring carbon 
atoms are almost invariably transformed into open chained compounds 
by alcoholates, and not infrequently the same change is brought about 
by concentrated alkalies. 1 Esters of other cyclopropane acids rarely 
undergo this reaction, the one case known lieing that reported by Buchner 
and Miller.* 

CHjCOjCHCH-CHCO.CH, HO.CCH.CfCOJtlCHfCO.inCH, 

/ \y -* \ i 

COjCHj CHCC1 .CH, O-CO 

Iq connection with an investigation of the mechanism of this reaction 
it became desirable to examine the behavior of a cyclopropane derivative 
which is so constituted that it can form a metallic derivative without 
dperiing the ring. The substance selected for the purpose is benzoyl- 
phenyl nitrocyclopropane. 

C.IIkCH — CHCOC.H,. 

\/ 

CHNO, 

1 Bn .. 36, 3776 (1903); This Journal. 39, 1406, 1700, 2404 (1917). 

* Ber., *7, 871 (1894). 
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Cyclopropane derivatives in which one of the ring carbon atoms holds 
a nitro group are unknown, but a feasible plan for preparing such sub¬ 
stances was outlined in an earlier paper. This was adopted in the present 
work, with excellent results. It involves 3 reactions which are represented 
by the equations 

C,H*CH CHCOCiH. +■ CHjNOi - C»H ,CHCH,COC e H t 

i 

CHjNOj 

C*H t CHCH s COC«H s = C.K.CHCHBrCOCtH^ + HBr 

I + Br, | 

CH.NO, CH.N'O, 

C,HtCHCHBrCOCjHs *- C # H„CH — CHCOCtHi 

| - HBr \ / 

CHNO. CHNO, 

That the resulting nitro compound is a cyclopropane derivative and 
not an isomeric etliylenic ketone is shown not only by its indifference to 
permanganate but also by its behavior towards hydrogen bromide. In 
glacial acetic acid the substance combines with hydrogen bromide as 
readily as the most active a,£J-unsaturated ketone, but the resulting com¬ 
pound is far more stable on heating than any saturated bromine com¬ 
pound which has bromine P to a carbonyl group. By eliminating both 
hydrobromic acid and nitrous acid it is possible to transform the addition 
product quantitively into 1,4-diphenyl furane. A compound having 
two phenyl groups in the 1,4-positions can be formed from one having 
them in the 1,3-positions only by closing a cyclopropane ring and open 
ing it again at a different point. The reactions involved are therefore 
represented by the following equations: 

CiH 4 CH — CHCOC.H, - C.HjCHBrCHNO/CHjCOCtHj 

\/ + HBr 

CHNO, 

CH - C — CrHs 

! > 

C*HtCHBrCHNOeCH,COC«Hi = CH = C — C*H, + HBr + HNO, 

The cyclopropane derivative is exceedingly sensitive to all alkaline 
■reagents, the ring being opened even more easily than that of cyclopro¬ 
pane derivatives which have two carbonyl groups in combination with 
one of the ring carbon atoms. The process is accompanied by replace¬ 
ment of the nitro group and the final product is a , 3 -diketone formed in 
accordance with the equation 

C,H t CH — CHCOCiH* = C.H s CH,COCH,COC.H» + NaNO,. 

\ / 4- IfeOH 

CHNO, 

The reaction takes place in steps, but no intermediate products could be 
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isolated. The discussion of the mechanism will therefore be deferred 
until the reaction has been studied with more favorable material. 

Experimental Part. 

The addition of nitro methane to benzal-acetophenone and the brom- 
ination of the product were carried out as described in an earlier paper. 1 
The melting points of the isomeric a-bromo compounds are 100 0 and 106° 
instead of ioo° and 86 ° as there given. The compound melting at 100 °, 
the principal products can easily lie transformed into the higher melting 
isomer by dissolving it in alcohol and saturating the solution with hydrogen 
bTotnide. The isomer separates slowly in almost quantitative yields. 
The transformation can also be effected by adding a small quantity of 
either toluidine or diethyl aniline to a methyl alcoholic solution of the 
lower melting isomer but the yield is much less and the product is con¬ 
taminated with unerystallizable red oils. 

i-Benzoyl-2-phenyl-3-aitro Cyclopropane, C t H E —CH—CHCOC 6 H t .— 

\/ 

CHNOj 

The cyclopropane ring can be closed by eliminating hydrogen bromide from 
the bromine compound with a number of alkaline reagents, but the yields are 
unsatisfactory with all of them. The best results were obtained with potas¬ 
sium acetate, and the higher melting bromine compound gives a better yield 
than its isomer. When concentrated solutions of the low melting bromine 
compound are used, the higher melting isomer frequently crystallizes from 
the solution and then disappears again during the course of the reaction. 
Most of the material used in the investigation was made by starting with 
a thoroughly washed and dried mixture of the bromine compounds. The 
procedure was as follows: 

A concentrated solution of 15 g. of fused potassium acetate in alcohol 
was added to a suspension of 15 g. of the mixed bromine compounds in 
100 cc. of the same solvent. The mixture was allowed to remain at the 
ordinary' temperature for an hour during which the bromine compounds 
dissolved and considerable quantities of potassium bromide and solid 
cyclopropane derivative separated. It was then heated on a steam bath 
for another hour to complete the reaction. The resulting solution, which 
was pale yellow when pure bromine compounds were used and brown if 
Jdie materials were impure, was cooled in a freezing mixture and gradually 
diluted with water while being shaken vigorously. The cyclopropane 
derivative was precipitated as a crystalline, yellow solid which after one 
recrystallization from alcohol became colorless and melted at 98°. The 
yield varied from 55 to 75%—the average of a number of preparations 
being 61%. The filtrates contained yellow or brown unerystallizable 
oils. 


1 This Journal, 38, 889 (1916). 
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The cyclopropane derivative crystallizes in clusters of stout prisms. 
It is moderately soluble in alcohol and ether, readily in boiling alcohol, 
acetone and chloroform. When exposed to sunlight it gradually becomes 
tinged with pink. 

Calc, for Ci«Hi, 0 |N: C, 71.9; H, 4.9. Found: C, 71.6; H, 4.9. 

Addition of Hydrogen Bromide.—Thirty g. of finely powdered cyclo¬ 
propane derivative was added in small portions to 100 cc. of glacial acetit 
acid which had been saturated with hydrogen bromide. The substance 
dissolved rapidly on shaking, the solution became warm, and the produce 
began to separate in crystalline form as soon as the solution started to 
cool. The mixture was allowed to stand for an hour during which most 
of the product separated, then poured into cracked ice. The colorless, 
pasty precipitate completely solidified when stirred. The solid was 
thoroughly washed with water, dried in the air and recrystallized from a 
mixture of acetone and ether. 


Calc, for CuHnOiNBr: C, 55 2; H, 4.0. Found: C, 55.5; H, 4.3. 

0 -Nitro-Y,T-bromo-phenyl Butyrophenone, C 6 H 6 CHBrCHN 0 2 CH a C 0 - 
CaHt, crystallizes in colorless plates which melt at 115-116° and decom¬ 
pose at 120°. It is an exceedingly sensitive substance. Unless perfectly 
pure it decomposes spontaneously at the ordinary temperature and in 
the dark. When the carefully purified compound is kept near the melt¬ 
ing point for a short time or exposed to direct sunlight it turns yellow, and 
the color persists on recrystallization but the melting point remains con¬ 
stant at 115-116° and the composition remains the same. 

Calc, for CuHj,OjNBr: C, 55.2; H, 4.0. Found: C, 55.3; H, 4.3. 


When alcoholic solutions of the bromine compound are boiled they 
become acid. Qualitative experiments showed that the substance loses 
both hydrobromic and nitrous acids. The process is very slow but is 
greatly accelerated by addition of a small quantity of ammonium bromide. 
Thus 2 g. of ammonium bromide was added to a solution of 5 g. of the 
bromine compound in 40 cc. of methyl alcohol and the mixture boiled. 
In less than an hour all the substance had dissolved. The yellow solution, 
on cooling, deposited the product in pale yellow flakes, which after wash¬ 
ing and recrystallization from alcohol melted at 90 °. 


Calc, for ChHuO: C, 87.3; H, 5.5. Found: C, 87.1; H, 5.1. 

The substance has the composition of a diphenyl furane, and it was 
identified as 2,5-diphenyl furane by comparison with a specimen prepared 
according to Perkin. 1 


HC 

1,5-Diphenyl-3-bromo Furane, j 

BrC 

1 J. Land. Chtm. Soc., 57, 954 (1890). 



C«H* 

.—When the hydro- 


C— C*H ( 
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bromic acid addition product was heated above the melting point it lost 
oxides of nitrogen and water but no bromine or hydrobromic add. The 
resulting greenish yellow melt was recrystallized from methyl alcohol. 
It consisted almost entirely of a pale yellow substance which crystallized 
in thin plates, resembling diphenyl furane, and melted at 77These 
were contaminated with a small quantity of a much yellower product 
which it was impossible to remove by recrystallization but which was 
finally got rid of by distillation under diminished pressure. 

Calc, for CieHnOBr: C, 64.2; H, 3.7. Found: C, 64.6; H, 3.9. 

The composition indicated loss of water and nitric oxide from the 
addition product. The substance is indifferent to permanganate but com¬ 
bines with two atoms of bromine when exposed to the action of bromine 
vapor. The bromine is completely unreactive—sodium methylate neither 
replaces it nor eliminates hydrogen bromide. The only open chained 
formula consistent with these properties is that of an allenic ketone. 

C # H 6 CHBrCHNO,CH,COC«Hi = 

QHjCBr = C = CHCOC„H } 

+ HjO + NO. 

We could not, however, secure any evidence of the presence of a car¬ 
bonyl group, as it was impossible to make either a hydrazone of an oxime. 
In view of its great stability it seems more probable, therefore, that it is 
a furane derivative as written. The formation of a furane derivative 
involves a shifting of the bromine atom, but similar shifts have been 
observed before in high temperature reactions involving ring formation. 

Action of Bases on the Cyclopropane Derivative. —The cyclopropane 
derivative is readily attacked by all bases but it is difficult to get definite 
products from the resulting brown or red oils. The following procedure, 
however, proved fairly satisfactory: An excess of concentrated sodium 
methylate was added gradually to a well cooled solution of 10 g. of cyclo¬ 
propane derivative in the minimum quantity of methyl alcohol. The 
mixture was left at the ordinary temperature for 8 hours, then acidified 
with hydrochloric acid, and allowed to evaporate in the air. The resulting 
yellow oil was dissolved in ether and this solution shaken with a saturated 
aqueous solution of copper acetate. This gave 7 g. of a pale copper de¬ 
rivative. The copper derivative, after decomposition with sulfuric acid 
in the usual way, yielded a colorless solid which crystallized in plates and 
melted at 54 

Calc, for CuHuOi; C, 80.7; H, 5.9. Found: C, 80.6; H, 6.1. 

The composition and melting point of the substance as well as the melting 
point of its copper derivative indicated phenyl-acetyl-acetopheaone. 

This diketone was therefore made by condensing ethyl phenylacetate 
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with acetophenone. A mixed melting point showed that the two products 
are identical. 

The dilcetone is not the primary product of the reaction between bases 
and the cyclopropane derivative. If the alcoholic solution containing 
the product of the reaction with sodium methylate is acidified with acetic 
instead of hydrochloric acid, and then allowed to evaporate it leaves an 
oil that contains no nitrogen but gives only a trace of copper derivative. 
When this oil is digested for a short time with a dilute solution of hydro¬ 
chloric acid in methyl alcohol, and then shaken with copper acetate it 
gives the usual amount of copper derivative, showing that the oil contains 
an intermediate product which is turned into diketone by the action of 
mineral acids. All efforts either to isolate this product or to acquire 
more information about it were unsuccessful. 

Cahbuwgb, Mass 


[Contribution from the Department op Chemistry, Kentucky Agricultural 
Experiment Station I 

THE COMPOSITION OF THE ASH OF CRAB GRASS (DIGITARIA 
SANGUINALIS) AS AFFECTED BY THE SOIL IN 
WHICH IT IS GROWN. 

By G Davis Buckner 

Received June 4 , 1919 . 

Plant nutrition teaches that the chemical composition of the ash of the 
same species of plant varies within wide limits when grown in different 
localities and under different conditions. Plants flourish when grown in 
soils of widely varying composition and seem to require no definite medium 
from which to secure the nourishment necessary for normal growth, 
provided it does not fall below a certain quantitative and qualitative 
level. The ash of plants grown in different soils will likewise have a vari¬ 
able composition. 

In the prosecution of certain experiments in this laboratory it was found 
desirable to obtain a green plant which contained a large percentage of 
ash, the composition of which would satisfy given conditions. In the 
search for such a plant it was noticed that crab grass {Digitaria sanguin- 
alis) grew and flourished in the middle of a limestone roadway. From 
other experiments it was reasoned that here at least would be conditions 
most favorable for the largest intake of calcium. The comparative 
analysis of a plant grown under such conditions and that of a sample of 
the same species grown under normal condition of garden soil would have 
an added interest. For these reasons plants were carefully selected with 
regard to form and size, and cut one inch above the ground, and from all 
external appearances they were similar. Both samples were immediately 
washed with distilled water to free them from extraneous material and 
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were analyzed for calcium, magnesium, phosphorus, silicon and pota*- 
sium. The results are shown in the following table. 

Table I.—Analyses of Crab Grass Ash. 

Grown in garden Grows m lime- Percentage 
soil G stone roadway G difference 


Wt. of air-dried sample 

7 9833 

7 8307 


Wt of ash of air-dried sample 

1 6640 

1 3695 



% 

% 


Ash in the air-dned sample 

20 84 

17 49 

—16 I 

P,Os 111 the ash 

4 OI 

4 92 

+ 22 7 

SiO, 

14 60 

<4 50 


CaO 

3 75 

5 40 

+44 0 

MgO 

2 68 

3 42 

+ 27 6 

KiO 

39 86 

32 38 

—18 8 


It will be seen from these figures that the intake of inorganic material 
was not the same in the two specimens. It is interesting to note that the 
sample of grass grown in the middle of a comparatively new limestone 
roadbed which was from 4 to 5 inches in thickness contained approximately 
16% less ash than did a similar sample grown in garden soil and that the 
quantity of K 2 0 was 18.8% less in the first mentioned. In opposition to 
this it is seen that the ash of the sample grown in the limestone contained 
22.7% more PjOb, 44 0% more CaO and 27 6% more MgO. That the 
percentage of silica is approximately the same in these two samples is 
likewise worthy of note. 

The outstanding feature in connection with the growth of these two 
samples of crab grass is that the absorption and retention of these different 
amounts of calcium, magnesium, phosphorus and potassium cause no 
observable difference in their external appearance. 

Lsxihoton, Ky 


[Contribution from the Chemical Laboratory op the Ohio State University.] 

THE OXIDATION OF ORGANIC COMPOUNDS WITH ALKA¬ 
LINE POTASSIUM PERMANGANATE. 

Part I,- -The Oxidation of Acetaldehyde. Part II.—The Oxidation of 
Glycol, Glycollic Aldehyde, Glyoxal, Glycollic Acid and Glyoxalic Acid. 
By William Lloyd Evans and Homer Adkins. 

Received June 20, 1919 

* The problem of the alkaline oxidation with potassium permanganate 
of some of the simple alcohols, aldehydes, ethers, ketones and acids has 
been quantitatively studied by a number of investigators. 1 In much of 
the work which has been done on the alkaline oxidation of organic com- 
1 Nef, Ann., 335, 269 (1904); Denis, Am. Chem. J., 38, 561 (1907); Evans and 
Witzemann, This Journal, 34, 1086 (1913); Witzemann, Ibid., 38, 150 (1916); 39, 
3657 (1917); Evans and Day, Ibid., 38, 375 (1916); Evans and Day, Ibid., 41, 1167 

(1919). 
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pounds no systematic study has been made of the effect of the added 
alkali on the nature of the reaction products. The work reported in this 
paper is a continuation of the experiments begun by Day and one of us 
on the oxidation of ethyl alcohol. This paper deals with the following 
phases of the problem: 

Part I.—The oxidation of acetaldehyde with potassium permanganate 
in neutral solutions and in those containing from 200 to 400 g. of potassium 
hydroxide per liter has been carried out at temperatures of 25. 50 and 75 °. 
The products of oxidation have been determined quantitatively. 

Part II.—The oxidation of glycol, glycollic aldehyde, glyoxal, gly- 
collic acid and glyoxalic acid at a temperature of 50° and at various con¬ 
centrations of potassium hydroxide has been made, and the amounts of 
oxalic add and carbon dioxide produced determined. 

The data obtained is discussed from three standpoints: 

1. The relationship of potassium hydroxide concentration to the prod¬ 
ucts of oxidation. 

2. The relationship of temperature to the products of oxidation. 

3. Deductions as to the relationship of the compounds during alkaline 
oxidation. 

PART I.—THE OXIDATION OF ACETALDEHYDE. 

Historical Discussion. 

A search of the literature revealed the fact that very little work has 
been done in studying the oxidation of this compound. The three more 
important reports are as follows: 

Heimrod and Levene 1 oxidized acetaldehyde in an alkaline solution with 
hydrogen peroxide. They studied the possible intermediate oxidation 
products: glycollaldehyde; glyoxal; glycollic and glyoxylic acid, estimat¬ 
ing in each case the amounts of carbon dioxide and formic acid formed. 
They give equations showing the various possible courses of the oxidation. 
They conclude that acetaldehyde oxidizes through the following stages: 
acetaldehyde —► (vinyl alcohol) —► glycol aldehyde —► glyoxal —► 
formic add —► carbon dioxide. They claim that there is no evidence 
of the formation of formaldehyde as an intermediate product. 

In view of the fact that acetaldehyde is a good depolarizer, Law* oxid¬ 
ized it electrolytically and ob tain ed carbon monoxide and dioxide as well 
as acetic add. Formic add was formed in small amounts. In 0.85 N 
sulfuric add acetaldehyde was oxidized almost quantitatively to acetic 
add. 

Denis* conducted two experiments, one in an 8.5 molar alkaline solu¬ 
tion, and one in a neutral solution. In the alkaline solution a 75% yield 

1 Biochem. Z., 29, 31-39 (1910). 

1 Tram. Chem. Soe„ 87, 198 (190$). 

* Am. Chem. J., 38, 369 (1907}. 
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of acetic acid was obtained together with oxalic add and carbon dioxide. 
In the neutral solution after oxidation of the aldehyde only acetic add 
was found (96.8% yield). The absence of formic add was proven. 

Experimental Part. 

1. The Preparation of the Aldehyde Solution.—Acetaldehyde was pre¬ 
pared by the method described by McLeod. 1 Paraldehyde was depolym- 
erized by the use of dil. sulfuric acid (14). The product of the first 
distillation after treatment with the add, was redistilled twice, the frac¬ 
tions coming over below 27° being used in making the standard aldehyde 
solution. The final distillate contained probably 1-2% of water as shown 
by the slight coloring of dehydrated copper sulfate. A weighed amount 
of the aldehyde so prepared was dissolved in water in such a proportion 
that a two molar solution was obtained. 

2. The Standard Potassium Hydroxide Solution.—A concentrated 
potassium hydroxide solution was made and standardized by titrating with 
0.5 N sulfuric acid. The solution contained 0445 g. of potassium hydrox¬ 
ide per cc. The carbon dioxide content was ascertained to be 0.0027 g. 
per cc. 

3. The Oxidation.—The oxidations were carried on in two-liter balloon 
flasks. The flasks were supplied with rubber stoppers through which 
extended a piece of glass tubing, a pipet, and a stirring rod placed in a 
mercury seal. The stirring rod was attached to a revolving spindle by 
means of rubber tubing, the glass tubing by the same means to a buret. 
The oxidizing solution was prepared as follows- A measured amount of 
the concentrated potassium hydroxide solution was made up to a volume 
of one liter by the addition of carbon dioxide-free water. Fifteen g. of 
potassium permanganate were then placed in the alkaline solution. 

The flask was placed in the electrically controlled thermostat, and then 
the motor stirring device and the buret containing the aldehyde solution 
were attached. When the permanganate had dissolved and the solution 
had reached the temperature of the thermostat the acetaldehyde was 
added very slowly until complete decolorization of the permanganate 
had been accomplished. This point could be determined by drawing the 
mixture up into the pipet and allowing the precipitated manganese dioxide 
to settle. The change was from pink to colorless in the neutral and weak 
alkali (o to 9 g. of potassium hydroxide per liter) and from green to color¬ 
less in the stronger alkali solutions. 1 At 25 0 on account of the slowness 
of oxidation it was necessary to allow the mixture to stand several hours 
between every two additions of 0.1 cc. of the aldehyde solutions when 
the end-point was almost reached. At 50 0 the portions added were com¬ 
pletely oxidized within less than an hour, even in the case of weak alkali 
1 Am. Chtm. J., 37, 27 (1907). 

« Compare Evans and Day, This Jocxnaz, 41, 1371 (1919). 
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solutions. That the end-point could be ascertained with a fair degree of 
accuracy is shown by the fact that oxidations carried on two months apart 
checked with each other within less than 8 mg. of acetaldehyde oxidized, 
that is, within one drop of the standard solution. 

The reaction mixture was filtered in a specially constructed carbon 
dioxide-free apparatus designed by Evans and Day 1 and the filtrate was 
made up to a volume of two liters and analyzed. 

An aliquot part of this solution was acidified (using a drop on phenol- 
phthalein solution as an indicator) with acetic acid, then ammonium 
hydroxide added until the reaction was alkaline. The oxalic acid was 
then precipitated from the hot solution by the use of a 5% solution of 
calcium acetate. After filtering and washing, the precipitate was dis¬ 
solved in 15 cc. of sulfuric acid (1:4). 130 cc. of distilled water was 

added and the hot solution was then titrated with 0.098 N potassium 
permanganate solution. 

The carbon dioxide was determined by means of the Foulk apparatus, 8 
the carbon dioxide being absorbed in Liebig bulbs, proper correction 
being made for the carbon dioxide in the standard potassium hydroxide. 

The acetic acid was determined by the method of Stillwell and Glad¬ 
ding. Much difficulty has been experienced in the determination of this 
acid by various analysts. The following procedure when precisely fol¬ 
lowed gives excellent results, as evidenced by the fact that in 25 deter¬ 
minations of acetic add it was unnecessary to repeat a single one, two 
samples from the same solution never varying from each other to a greater 
extent than 0.2 cc. of 0.1 N sodium hydroxide solution and in most cases 
the determinations were in agreement to within 0.05 cc. Experiments 
showed that the recovery of acetic add was 99.8 to 100%. 

The apparatus for this determination of acetic acid consisted of a 500 
cc. balloon flask fitted with a two-hole stopper through which extended 
the stem of a dropping funnel, and a Kjeldahl bulb. The Kjeldahl bulb 
was connected to a Leibig condenser which in turn ended in a cylindrical 
dropping funnel which was graduated into 25 cc. divisions. The drop¬ 
ping funnel was connected by a two-hole stopper to a 750 cc. Erlenmeyer 
flask. 

The sample (ioo cc.) was put into the balloon flask together with bits 
of porous plate, the flask stoppered and 20 cc. of syrupy phosphoric add 
added. Distillation was then begun. When 50 cc. of distillate had 
collected in the dropping funnel, 25 cc. of hot water was then added and 
the operations continued, thus maintaining the volume in the distilling 
flask between 70 and 95 cc. When the distillate had reached a volume 
of 400 cc. it was found that in all cases the acetic add had been com- 
1 Loc. tit. 

» Foulk’s "Notes on Quantitative Analysis,” 1914, p. 322. McGraw-Hill Book Co. 
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pletely distilled over. In case the alkali present in the sample exceeds 
3 g. it is necessary to add considerably more than the 20 cc. of phosphoric 
add plus the amount required to neutralize the excess of alkali. If the 
amount of alkali is as much as 12 g. it is advisable to use 40 cc. of phos¬ 
phoric add. If this precaution is not taken the final portions of the 
acetic acid distil over very slowly. The use of fresh pieces of porous 
plate shortens the time of distillation about 45 minutes. It reduces the 
necessary volume of the distillate about 100 cc. and espedally with sam¬ 
ples high in alkali it is very valuable in preventing the otherwise almost in¬ 
evitable bumping. The distillate was freed of carbon dioxide by bubbling 
carbon dioxide-free air through it for 10 minutes, after which it was titrated 
with o.t A T alkali using phenolphthalein as an indicator. Preliminary 
experiments showed that results were from one to 3% too high if the pre¬ 
caution was not taken of removing the carbon dioxide. 

Explanation of Data Sheet and Curves. 

1. Method of Tabulating Results. —All of the 20 oxidations here 
reported were checked at least once and in several eases checked 3 or 
more times. The analytical data are the result of at least two analyses 
of the same solution. The liberty has been taken of discarding a few 
experiments, the results of which were quite obviously in error due to 
faulty manipulation, or variation in temperature of the bath during the 
process of oxidation. 

The weight of potassium hydroxide placed in the oxidizing flask is 
given the first column, the larger figure in parenthesis is the volume in 
cc. of the solution at the end of the oxidation. The weights of acetic 
and oxalic acids and carbon dioxide which were found in the solution 
upon analysis are given Cols. 2, 3 and 4. The aldehyde equivalent of 
these products is given Col. 5. The weights of acetic and oxalic add and 
carbon dioxide which would be produced if 4.4 g. (0.1 mol. wt.) of acetal¬ 
dehyde were oxidized under the conditions of the experiment are given 
in Cols. 6, 7 and 8. The figures in Col. 9 give in g. the amount of 
oxalic acid which would be produced if 4.4 g. of the acetaldehyde equivalent 
of some intermediate compound were oxidized to oxalic add and carbon 
dioxide in the ratio in which they are produced at the given concentration 
of potassium hydroxide; for example, if in a given experiment one g. of 
oxalic add and one g. of carbon dioxide were produced, the acetaldehyde 
equivalent would be 0.49 and 0.5 g., respectively, or a total of 0.99 g. 
acetaldehyde. Thus if 0.99 g. of acetaldehyde gave one g. of oxalic acid, 
then 4.4 g. of acetaldehyde would give 4.44 g. of oxalic add. Similar 
values for carbon dioxide production are given in Col. 12. The 
figures in Col. 10 give in grams the average concentration of potassium 
hydroxide during the oxidation. Col. 11 contains the weights of 
aldehyde which were added to reduce the permanganate solution. These 
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weights are based on the weights of the prepared aldehyde used in making 
the reducing solution. 

That the substance weighed out as aldehyde was not free from water 
is shown by the slight coloring of dehydrated copper sulfate noted above 
and by the fact that there is a constancy of yield of 97-98% when the 
yield is calculated on the basis of the weighed substance being free from 
water. The work of Denis 1 showed that acetaldehyde as prepared by 
McLeod 5 was about 97% pure. 

2. To Determine the Concentration of Alkali.— At the beginning of 
the oxidation, the alkali concentration is known through the method for 
the preparation of the oxidizing mixture. However, as soon as oxidation 
begins, other factors determine the concentration at any given time. 
The three factors which are taken into consideration in calculating the 
“average potassium hydroxide” given in Col. 10 of the table are as 
follows' (a) The 15 g. of potassium hydroxide according to the equation 
2KM11O4 + HjO = 2KOH + 2Mn0 2 + 30, this results in an increase in 
the amount of potassium hydroxide in the oxidizing solution, (b) The 
acetic, oxalic and carbonic acids produced by oxidation will neutralize a 
certain amount of the potassium hydroxide, (c) As the aldehyde solu¬ 
tion is added the volume of the alkali solution is increased and conse¬ 
quently the concentration of the alkali is decreased. 

Thus, through factor (a) the concentration of alkali is increased and 
through factors (6) and (c) it is decreased. In plotting the curves the 
alkali ordinate is found as follows The amount of hydroxide necessary 
to give potassium oxalate, potassium hydrogen carbonate and potassium 
acetate is found. This amount taken from the total amount of potas 
sium hydroxide introduced (t. e., the weight originally put in plus 5.3 
g.) gives the number of grams of potassium hydroxide present at the end of 
the oxidation. This amount divided by the volume of the solution in 
cc. and the quotient multiplied by 1000 gives the concentration per liter 
of alkali at the end of the oxidation. The mean between this concen¬ 
tration and the concentration at the beginning of the oxidation is taken 
as the average concentration durmg the course of the experiment. Undpr 
some conditions the factors almost balance each other, while in others 
(first expt. at 25 0 for example) the correction is about 0.85 of a g. of 
potassium hydroxide, almost l /t of the amount of potassium hydroxide 
originally added. In any event, these corrections can only be approx¬ 
imate. 

Another factor which has not been considered in the calculations which 
probably does effect the alkali concentration is that the precipitated 
manganese compound or compounds holds some potassium in chemical 

1 Am, Chem. J., 38, 567 (1907). 

'Ibid., 37, 27 (1907)- 
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union. Morawski and Stingl, 1 and Smolka 3 and Gmehlin-Kraut-Fried- 
man 3 point out that the compound KH»Mn<Oio is formed. There is 
uncertainty as to the exact composition of this substance. Furthermore, 
there is no data as to the effect of the alkali concentration upon its forma¬ 
tion. For these reasons the potassium which may be withdrawn from 
the solution due to the formation of this compound is not considered in 
the calculations. 

3. Plotting the Graphs. —In Fig. i the weights of acetic acid which 
would be produced by 4.4 g. acetaldehyde at the given concentration of 
alkali are plotted against the grams of potassium hydroxide per liter, 



present during the oxidation. In Figs. 2 and 3 the weights of oxalic and 
carbon dioxide are so plotted. In Fig. 4 the acetic acid-alkali relation¬ 
ship is plotted on logarithmic paper. 

The weight of oxalic acid {(Col. 9 [of] Table I) which would be*[pro- 
duced if 4.4 g. of acetaldehyde (or its equivalent) were oxidized to oxali c 
acid and carbon dioxide in the ratio in which they are produced in the 
given experiment is plotted against potassium hydroxide concentration 
in Fig. 5. 

Three results (Table I) are given of oxidations carried out in "neutral 
solution,” that is, no potassium hydroxide was added to the oxidizing solu¬ 
tion. Since the potassium hydroxide produced by hydrolysis was insuffi- 

1 J. prakt. Chem., [a] 18, 86 (1878); Jahresb., 5, 375 (1878). 

* Siizungber. Math. Naturunssensch. Klasse Kail Akad. Wissensch. Wei*, 95, II, 
5-3o (1887). 

’ llandb. Anorg. Chem., 3, II, 354. 
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deal to neutralize the acetic add produced by oxidation, the oxidation 
in reality took place in a weakly add solution. These oxidations took 



place at different temperatures from 25 to 75 It is necessary to filter 
and analyze these solutions immediately, for the weakly add solution is 
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Fig. 3.—Carbon dioxide produced by 4.4 g. acetaldehyde. 





Fig ♦. —Acetic acid alkali relationship 



Fig. j —Oxalic acid and carbon dioxide produced by 4.4 g acetaldehyde. 

Discussion. 

Acetic Acid.—The formation of acetic add from acetaldehyde is to be 
expected. The mathematical relationship of the amounts of acetic add 
produced to the average alkali concentration may be derived as follows: 
The fact that the acetic add-alkali concentration relation gives a straight 
line when plotted on logarithmic paper means that the relation connect¬ 
ing these two quantities is expressed by the following equation: 



where Y equals the number of g. of acetic acid produced by the oxidation 
of 0.1 M g. of acetaldehyde at a concentration of X g. of potassium 
hydroxide per liter, and 0 is the tangent of the angle which the line makes 
with the X axis. This equation may be written as follows: 

log Y « log B — a log X 

When X <■ 1, the second term on the right side of the equation disap - 
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pears. The value of B is then found to be equal to the ordinate when the 
abscissa is one. The values for B and a at the temperatures employed in 
these experiments are shown in the following equations: 


Y = 6.49 X- 01U at 25 0 

(1) 

y = 6.38 at 50° 

(2) 

y = 5.70 X-™ 1 at 75° 

( 3 ) 


It is of much interest in this connection to note that the above equation 
is the same one found for the amount of acetic add formed when ethyl 
alcohol is oxidized with alkaline potassium permanganate. 1 

It will be observed that the value of the tangent of the angle decreases 
about 0.114 for each lowering of 25 0 in the temperature. This indicates 
that at about 0° the tangent of the angle would be zero, or in other words, 
at that temperature the line would be parallel to the X axis. That is, 
at 0° acetaldehyde would be oxidized quantitatively to acetic acid no 
matter what was the alkalinity of the oxidizing solution. (See Fig. 13.) 
The weight of acetic acid which would be produced by the oxidation of 
4.4 g. of acetaldehyde would be 6 g. 

From a study of the logarithmic graph (Fig. 4), it will be seen that the 
acetic add-potassium hydroxide line reaches the ordinate 6 at = 1.95, 1.3 
and 0.85 for 25°, 50° and 75°, respectively,*, e., those concentrations are 
the highest concentrations at those temperatures at which acetaldehyde 
is oxidized quantitatively to acetic add. Or, stated in terms of Nef’s 
dissociation theory, those are the concentrations of alkali at which the 
acetaldehyde begins to dissodate with the production of vinyl alcohol. 
These values are in accord with McLeod’s statement noted below. As he 
does not report the temperature, an exact comparison is impossible. 

The minimum amounts of acetic acid obtained are 3.84, 2.91, 2.09 at 
25 50 0 and 75 0 , respectively. By reference to the logarithmic lines it 

will be seen that these values for the ordinate correspond to 90, 32.5 
and 18.5 g., respectively. That is at those concentrations of potassium 
hydroxide per liter the minimum amount of acetic add for those tem¬ 
peratures would be produced. Hence, the logarithm of the amount of acetic 
add produced by the alkaline permanganate oxidation of acetaldehyde is 
a linear function of the logarithm of the potassium hydroxide concentra¬ 
tion employed between the following limits: 1.95 g. to 90 g. at 25 
t-3 to 3.25 g. at 50°; and 0.85 g. to 18.5 g. at 75 0 . At concentrations 
above the larger value, increase in potassium hydroxide affects no change 
in the amount of acetic add, and at concentrations less than the smaller 
number the oxidation of acetaldehyde to acetic acid is quantitative. 
Hence, the equations derived, give correct values for Y only between 
certain limiting values of X. 

* Cf. Evans and Day, Tina Journal, 41, 1282 (1911). 



OXIDATION OP ORGANIC COMPOUNDS WITH PERMANGANATE. I397 


Oxalic Add and Carbon Dioxide. —Evans and Day 1 in their paper on 
ethyl alcohol have shown that there is no good evidence for believing 
that oxalic acid is produced by the alkaline oxidation of acetates or that 
carbon dioxide is produced by the alkaline oxidation of oxalates or 
acetates. 

Denis* held that the formation of an olefin derivative (in this 
case vinyl alcohol) was conditio sine qua non of the oxidation of acetalde¬ 
hyde to compounds other than the corresponding fatty acid. McLeod* 
showed that vinyl alcohol molecules did exist in an aqueous solution as 
soon as sodium hydroxide was present to the extent of 0.1%. The 
oxidation would then go through the following states: 

CH3 = CHO (in alkaline solution) CH 2 = CHOH (1) 
CH 2 - CHOH + 2OH —»• CH s OH.CH(OH)i (2) 

That glycollic aldehyde is one of the intermediate compounds in the 
oxidation of acetaldehyde is convincingly shown in Part II of this papet 
Nef 4 postulated that glycollic aldehyde could dissociate as follows: 


CHjOH.CHO 

CHiOH.CHO 


\ 

/ 

\ 

/ 


CHOH + H.CHO 

CH.CHO + H »0 


( 3 ) 

U) 


The oxidation of the reaction products in (3) would yield carbon dioxide. 
If the reaction product in (4) is oxidized to glyoxal, then glycollic add 
would be one of our intermediate compounds in these reactions since 
glyoxal and diketo compounds of the same type undergo simultaneous 
oxidation and reduction, t. e., the benzilic add rearrangement. It is 
shown in Part II that glycollic add is ultimately oxidized to oxalic add 
and carbon dioxide. 

The alkali concentration might then be supposed to affect the production 
of vinyl alcohol molecules (cf. Part II). It also undoubtedly affects 
the reactions whereby oxalic acid and carbon dioxide are produced from 
the intermediate compounds, since it is evident from a study of the curves 
that the production of oxalic add and carbon dioxide is affected by the 
variation in the concentration of the alkali. 

It is important to consider the oxalic add-alkali concentration relation- 
sflip as given in Col. 9, Table I, and as plotted in Fig. 5. It is seen that 
this relationship as expressed on logarithmic paper is also a straight line. 
As noted above, the acetic add-alkali concentration relationship plotted 

1 Lot. at. 

• Am. Cktm. J„ 38, 368 (1907). 

* Ibid., S7i 23 (1907); cf. Nef, Aim., 398, 316 (1897). 

4 Ibid., 33s, 274, 282 (1904). 
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on logarithmic paper gives a straight line, showing that the logarithms 
of the amounts of acetic add produced from acetaldehyde by the alkaline 
oxidation with potassium permanganate is also a linear function of the 
logarithm of the potassium hydroxide concentration. The fact that 
the relative production of oxalic acid and carbon dioxide may be ex¬ 
pressed in a mathematical expression of the same type indicates that 
the alkali acts in the same general way upon the compound which is the 
source of these acids as it does upon the acetaldehyde which is a source 
of the acetic acid. 

The equations expressing the oxalic acid-alkali concentration and the 
carbon dioxide-alkali concentration involved in the oxidation of the 
acetaldehyde equivalent of the intermediate compound may be derived 
in the same manner as were those for the acetic acid-alkali concentration. 
If we let Z 0 = grams of oxalic acid so produced; Z £ the grams of carbon 
dioxide; and X the grams of potassium hydroxide per liter, then the 
equations will be as follows: 


For 25 0 

Z 0 = 2.87 X 0167 

( 4 ) 

Z £ = 6.5 x - oi “ 

(7) 

For 50 0 

Z 0 = 2,87 X " ‘M 

( 5 ) 

Z £ = 6.5 X - •'« 

(8) 

For 75° 

Z 0 = 2,88 X 0 200 

(6' 

Z c = 6.5 X 

( 9 ) 


If the amount of acetic acid produced (Equations 1, 2 and 3) is multiplied 
by the factor 0.733, the product will be the weight in grams of the acet¬ 
aldehyde equivalent to the actic acid produced. It is evident that if 
this product is subtracted from 4.4 g. (the total amount of the aldehyde), 
the remainder will be the acetaldehyde equivalent ( W ) of the intermediate 
compound formed in these reactions which is oxidized to oxalic acid and 
carbon dioxide. 

These amounts are found to be as follows: 

For 23 0 [4.4 — (0.733X6.49 X -0 1U )] (10) 

For 50° [4.4 — (0.733)(6.38 X -»”•)] (n) 

For 75 0 (4.4 — (0.733) (5.70 X -°- J42 )] (12) 

Equations 4 to 9 inclusive were calculated on the basis that 4.4 g. of 
acetaldehyde was oxidized to oxalic acid and carbon dioxide in the same 
rations that in which these two compounds were found as reaction products 
at the concentration of the alkali used. The actual amount of the inter¬ 
mediate compound which is the source of the oxalic add and carbon 
dioxide in these reactions is not constant in amount for the same tem¬ 
perature but it depends upon the concentration of the alkali used. Fur¬ 
thermore, the ratio of the oxalic acid and carbon dioxide production from 
the oxidation of the intermediate compounds is also dependent upon 
the concentration of the alkali used. The aldehyde equivalent of the 
intermediate compounds is easily obtained by solving the equations in 
the preceding paragraph. 
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Thus we have at hand the data necessary for calculating the oxalic 
add and carbon dioxide produced in the oxidation of acetaldehyde as well 
as the acetic add production as noted above. For it Y 0 = g. of oxalic 
add produced by the oxidation of 4.4 g. of acetaldehyde at a concentra¬ 
tion of X g. of potassium hydroxide per liter, then Y 0 will bear the same 
relationship to the actual amount of the intermediate compound oxidized 
to oxalic add and carbon"dioxide as the values of Z 0 (Equations 4 to 
6 inclusive) bear to 4.4,1. 

Yo ■ 4-4 — (o- 733 ) 05-49 X- 11 "*) ) = 2.87 X°- 14T : 4.4. (13) 

By solving the easily formed equations of this type the oxalic acid pro¬ 
duction from aldehyde can be readily calculated for any concentration 
of the alkali at the temperature represented by the equation. The fol¬ 
lowing are the values of Y 0 and Y t (carbon dioxide production): 

At 25 0 Y a = 2.87 X 0147 — 2.090 X fl0 “ (14) 

y £ =6.5 x-*■'»-7.03 x-*-™ (15) 

At 50° Y 0 - 2.87 X 01M — 3.03 X~ a ™ (16) 

Y c = 6.5 X-° 144 — 6.91 X-*- 4 * 1 ( 17 ) 

At 75 ° Yo = 2.88 X »- IM — 2.724 X-«-« 4 (18) 

y £ =6.5 x _t174 — 6.17 X-™* (19) 

The correlation of the values determined by experiment with the values 
found by solving the equations is shown in the following table: 

Tablb II.—Comparison’ of Valcbs Found and Caixdlatbd. 

CHjCOOH CCOOH).. co. 


Temperature 

Value 
0! X 

Eiperimeot 

Equation 

Experiment. 

Equation. 

Experiment. Equation 

25 ° 

3 6 

3 53 

5 57 

0.275 

0 255 

0.41 

0 39 

25° 

8 25 

3 09 

508 

0 655 

O.63 

0.70 

0 70 

25 ° 

13.0 

4.84 

4 83 

0.87 

0.87 

0.87 

D 89 

25* 

43 65 

4.20 

4 24 

161 

I 62 

1 09 

I 08 

0 

0 

*0 

4 5 

4 52 

4-54 

0 92 

0 93 

1.23 

1.23 

50“ 

9 05 

3 91 

3 89 

1.51 

I -53 

160 

I .60 

5 °° 

>3 7 

3 56 

3-56 

192 

1 92 

« 77 

1 74 

30 ® 

22.6 

3 «8 

3 18 

2 37 

2-42 

1 82 

1 84 

73 ® 

4 7 

3 37 

3 36 

1 68 

' 73 

2 19 

2.19 

73 ° 

9 3 

2.64 

2 6$ 

2 55 

3 51 

2 45 

2 45 

75 ” 

13.8 

2.31 

2 32 

2 97 

2 99 

2 53 

2.31 


S ummar y. 

u. Acetaldehyde is oxidized in alkaline solution to acetic add, oxalic 
acid and carbon- dioxide. 

2. The logarithm of the amount of acetic add produced is a linear 
function of the logarithm of the alkali concentration between definite 
limits. Acetic acid production decreases as alkali concentration increases 
and as temperature increases. 

3. These limits are a function of the temperature. 
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4. There is a minimum production of acetic acid at a concentration of 
alkali which is a function of the temperature. Increases in potassium 
hydroxide beyond this concentration has no appreciable effect upon acetic 
acid production. 

5. The amounts of oxalic acid and carbon dioxide produced by the 
oxidation of acetaldehyde at a constant temperature are expressed as a 
mathematical function of the potassium hydroxide concentration between 
certain limits. 

6. Since the production of these compounds is dependent upon those 
factors which decrease the amount of substance going to acetic acid, the 
same limits apply to the^production of them as does to the production of 
acetic acid. 

7. The ratio of oxalic acid to carbon dioxide increases with rise in tem¬ 
perature, and increase in alkali concentration. The amount of substance 
going to oxalic (or carbon dioxide) as compared to the total amount 
going to oxalic acid and carbon dioxide is a simple algebraic function of 
the alkali concentration. 

8. The effect of the alkali on the yield of acetic acid should disappear 
at a temperature below o °. 

PART H—THE OXIDATION OF ETHYLENE GLYCOL, GLYCOLLIC ALDEHYDE, 
GLYOXAL, GLYCOLLIC ACID AND GLYOXALIC ACID. 

Historical Discussion. 

The compounds ethylene glycol, 1 glycollic aldehyde, 2 glvoxal,’ gly- 
collic acid,* and glyoxalic acid, 6 and acetic acid are more or less readily 
transformed into each other by acid oxidizing or reducing agents. 

As to the conduct of these compounds in the presence of bases the 
following reports are in the literature. Hydrogen is evolved and formic 
acid is formed when glycol is heated with lead peroxide and potassium 
hydroxide.” 

Meyer and Jacobson in their text book 7 state that upon boiling, a 
solution of glyoxal is changed over into a solution of glycollic acid. Debus 
showed that upon boiling the solution of the calcium salt of glyoxalic 
acid, the salts of oxalic and glycollic acids were formed. Bottinger 8 
showed that boiling the salt of the acid in the presence of potassium 
hydroxide caused the same reaction to take place. A basic barium 
glyoxalate is formed as an intermediate product during the action of 

1 Debus, Ann., no, 316 (1859); Renard, Arm. Chim., |j| 17, 313 (1879). 

* Neuberg and Schwenk, Z. ver. Zuch., 1916, I, 430. 

» Debus, Ann., 10a, 20 (1837). 

•WCrtz, Ibid., 103, 366 (1857); Claus, Ibid., 145, 256 (1868). 

1 Debus, Ibid., ioo, 1 (1856); no, 316 (1859). 

•Glaser and Morawski, Monets., 10, 582 (1890). 

7 2nd Ed., i, 813 (1913). 

• Ber., 13, 1832 ( 1880 ). 
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barium hydroxide on glyoxalic acid. More prolonged action causes the 
evolution of hydrogen and the formation of oxalic acid. 1 Traube says 
that the quantity of hydrogen evolved is less in the experiments in which 
only small amounts of barium hydroxide were used. 

To summarize these transformations in the presence of alkali it may 
be said that by the action of bases an intermolecular oxidation-reduction 
may be accomplished in the case of glyoxal and glyoxalic acid. It has 
also been shown that in two cases (glycol and glyoxalic acid) an alkali 
causes the evolution of hydrogen and the consequent oxidation of the 
compound to the alkali salt of oxalic acid. 

Heimrod and I.evene 2 have done considerable work upon the alkaline 
oxidation of glycol, glycollic aldehyde, glyoxal, glycollic acid and glyoxalic 
acid. Their method of experimentation was as follows: 

A solution of the compound was made; to this was added varying 
amounts of a 4 A r potassium hydroxide solution. A 30% hydrogen per¬ 
oxide solution was added as an oxidizing agent. They analyzed the solu¬ 
tion containing the oxidation products for total volatile acids (formic acid 
and carbon dioxide). They also tested for oxalic acid in the residue after 
the expulsion of the volatile acids. Large yields of formic acid and some 
carbon dioxide were obtained by the oxidation of glycol, glycollic alde¬ 
hyde and glyoxal. Glycollic acid gave some glyoxalic add, a larger 
amount of formic acid and over 50% yield of carbon dioxide. 

The glyoxalic add gave on oxidation large amounts of carbon dioxide 
and some oxalic and formic acids. Heimrod and Levene believe that 
the oxalic acid was produced by the action of the alkali on glyoxalic add. 
They detected oxalic acid in a control experiment in which they used no 
hydrogen peroxide. In some of their experiments an excess of the oxidiz¬ 
ing agent was used and in all others all of the hydrogen peroxide entered 
into reaction with the compound being oxidized. The temperature factor 
was not regulated and the yields were not q uant itative 
Experimental Part. 

Oxidations of glycol, glycollic aldehyde, glyoxal, glycollic add and 
glyoxalic add were conducted at a temperature of 50 0 in the same manner 
as described for acetaldehyde. The method of preparation of the com¬ 
pounds and the results of the oxidation of them are here given. 

* Ethylene Glycol. 

Preparation of Ethylene Glycol. —The ethylene glycol was prepared 
from ethyl alcohol, through the intermediate formation of ethylene, 
ethylene dibromide, and glycol diacetate. 

* Traube, Bet., 4a, 3*95 (1909). 

1 Btochm. Z„ 39, 31 (1910). 
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Hie Oxidation of Ethylene Glycol.— The oxidation of the ethylene 
glycol was carried out at ail initial volume of 500 ce. The volume at 
the end of the oxidation was 525 cc. 

The data obtained are given in the following table: 

Table III. 

O (CH,OH) 



G KOH 

G 

G 

G 

recovered (COOH)* 
as (COOHh from 6 2 g 

CO» from 

6 2 g 

(CHiOH*) 

KoA 

G. KMnO*. 

per 1. (CHiOH)». (COOH), 

CO, 

and CO, 

(CHiOH), 

per 1 

7 75 

None 

0 97 

0 315 

i IS 

0 96 

1 37 

7 35 

I 02 

7.00 

0 96 

0 96 

0 47 

0 90 

0 957 

3 04 

5 si 

I 66 

7.00 

1.98 

0 98 

0 906 

0 50 

0 977 

5 73 

316 

2 64 

7-00 

4 86 

0 99 

1 05 

O 37 

O 985 

6 57 

2 32 

5 5 

7 00 

14.6 

100 

1 03 

0 38 

9 99 

6 51 

2 35 

13 0 

7-00 

24 1 

0 99 

1.05 

0 37 

0 985 

6 57 

2 32 

24 3 

7.00 

48 6 

0 99 

1 03 

0 37 

0 985 

6 57 

2 32 

48 3 


The amounts of oxalic acid and carbon dioxide which would be produced 
by the oxidation of 6.2 g. (0.1 Mol. wt.) of glycol under the conditions 
of the experiment are given in Cols. 6 and 7. These values plotted against 
the potassium hydroxide concentration are shown in Fig 6. 



It may be seen that the amounts of these acids produced by the oxida¬ 
tion of a fixed amount of glycol constitute a linear function of the potas¬ 
sium hydroxide concentration between concentration of 0.5 g. and 3.0 g. 
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per liter. The equations showing these relationships are Y c - 2.73 X — 
1.46 and Y c = 10.13 — 2.64 X, where Y 0 equals the grams of oxalic add, 
and Y c the grams of carbon dioxide produced by the oxidation of a tenth 
molecular weight of glycol at a concentration of X g. of potassium hydrox¬ 
ide per liter. At concentrations below 0.5 g. of potassium hydroxide per 
liter it appears that glycol is oxidized quantitatively to carbon 
dioxide; at concentrations above the 3 g. per liter the ratio of the acids 
produced is not affected by changes in the concentration of potassium 
hydroxide. At concentrations above 3 g. per liter 73% of the glycol is 
oxidized to oxalic add, and 27% to carbon dioxide. 

Glycollic Aldehyde. 

1. Preparation.—Three syntheses of glycollic aldehyde are reported 
in the literature. Fisher and Landsteiner 1 prepared a dilute solution from 
acetal. Marchwald and Ellenger" prepared a concentrated solution from 
a.d-dichloro-ethyl ether. Fenton 1 by the oxidation of a concentrated 
solution of tartaric add with hydrogen peroxide in the presence of a small 
amount of ferrous iron prepared an add which he showed to be dihydroxy 
maleic acid, C»H 4 0«.2H 2 0. This add in cold aqueous solution slowly, and 
in warm solutions rapidly loses carbon dioxide and glycollic aldehyde is 
formed. 


COOH 

1 


COOH 

1 

COOH 

| 



1 

CHOH 

1 

H,0, 

1 

C—OH 

ii + H.O — 

C—OH 

1 

1 

CHOH 
► !/>» 

i 


CH.OH 

1 

! 

CHOH 

1 

Fe' 


1 

CHO 

COOH 


COOH 

COOH 

+ 

2CO, 


Dihydroxy-maleic add was prepared by the Fenton method. From 
this a solution of glycollic aldehyde was prepared by dissolving a weighed 
amount of the crystallized dihydroxy maleic add in water, which had been 
freed of oxygen. The decomposition of the add was effected in an atmo¬ 
sphere of hydrogen at a temperature of about 70 °. Carbon dioxide is 
rapidly evolved at this temperature. After expelling the carbon dioxide, 
the solution had a negligible aridity, gave the aldehyde reaction with 
Setoffs reagent, a salver mirror with ammoniacal silver nitrate, and a 
phenyl-osazone which melted at 169°. The phenyl-osazone of glyoxal 
nfhlts at 169.5°. 4 

a. The Oxidation of Glycollic Aldehyde.— The oxidation was con¬ 
ducted in the usual manner. The data are given in the following table; 

1 Ber , *5, 2J49 (1892). 

* Ibid., *5, 2984 (1892). 

* J. Ch«m. Soc., 65, 899 (1894). 

4 Picket 33a, aji (i88j). 
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Table IV. 


G. KMnO, 

G. KOH 

per I. 

G 

C.H.Oi, 

G. 

(COOH)i. 

G. 

CO,. 

O C,H,Oi 
recovered 
u <COOH)> 
and CO,. 

(COOH), 
from 6 s 
C,H, 0 , 

CO, 

from 6 g. 
C,H, 0 *. 

Av. E. 
KOH 
per 1. 

55 

I .O 

O.93 

0.46 

0 95 

0.95 

3 00 

6.19 

1.2 

S 3 

2.4 

O 94 

034 

0.87 

0-95 

3 45 

3 33 

3 5 

S-i 

4.8 

0.98 

0 637 

0 83 

0.98 

3.90 

5 OO 

4 8 

50 

13-4 

0 94 

O 715 

0 67 

0 93 

4 57 

4 3 ° 

130 


The amounts of oxalic acid and carbon dioxide produced by the oxida¬ 
tion of 6 g. (o.i mol. wt.) of glycollic aldehyde are given in Cols. 6 and 7 



and are plotted against the potassium hydroxide concentration in Fig. 7. 
The curve so obtained is a logarithmic one, for when the points are plotted 



an log paper a straight line is produced. This relationship is plotted on 
logarithmic paper in Fig. 8. The circled dots are the points experimentally 
determined. 
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Glyoxal. 

1. The sodium acid sulfite derivative of glyoxal was used in this series 
of oxidations. Due to the comparative insolubility of the glyoxal bisul¬ 
fite a standard solution was not prepared. 

2. The Oxidaticn of Glyoxal. —The oxidation was carried out at a 
constant volume of one liter, the powdered bisulfite derivative being 
slowly added until the oxidizing solution was decolorized. The alkalinity 
at tlie end of the reaction was determined by titration, the average con¬ 
centration of the potassium hydroxide being then calculated. The ex¬ 
perimental results are given in Table V. 

Table V.—Oxidation or Glyoxal. 

G (ClIOl, (COOH)i COi 


c 

G KOH 

G 

G 

G 

recovered 

us (COOtl)i 

from 

5 & g 

from 

(CHoS, 

Av. g 
KOH 

KMaOi 

per 1 

(CHO), 

(COGH). 

COt 

and COt 

(CHON 

per I 

IO OO 

None 

1 09 

None 

1 66 


None 

6 80 

Add 

11 OO 

4 45 

l 30 

0 156 

2 84 

1 307 

0 69 

8 21 

4 39 

10 40 

8 9 

I 35 

0 36j 

1 64 

l 253 

1 24 

7 61 

8.4 

10 24 

13 35 

I 24 

0 401 

1 50 

1 249 

1 88 

7 01 

13 3 

IO OO 

33 35 

1-33 

0 686 

1 20 

1 334 

333 

5 65 

31 5 

10 15 

44 5 

I 38 

» 45 

0 53 

1 384 

6 58 

a 40 

43 4 

10 50 

73 O 

1 36 

1 617 

0 49 

r 30 

6 90 

2 09 

71.0 

10 50 

96 O 

1.36 

1 617 

0 50 

1 365 

6 90 

2 13 

95-0 


The amounts of oxalic acid and carbon dioxide which would be produced 
by 5 8 g. (0.1 mol. wt.) of glyoxal under the conditions of the experiment 
are given in Cols. 7 and 8. These values plotted against the con¬ 
centration of potassium hydroxide per liter are shown in Fig. 9. 
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It may be seen that the amounts of these acids produced by the oxida¬ 
tion of a constant amount of glyoxal is a linear function of the potassium 
hydroxide concentration between the concentration of zero g. and 45.5 
g. per liter. At concentrations above the latter figure changes in concen¬ 
tration of the potassium hydroxide produce no changes in the ratio of 
oxalic add and carbon dioxide produced. Between these limits Y 0 «= 
o.isr X and Y c = 8.8 — 0.145 X where Y 0 and Y c represent the grams 
of oxalic add, Y c the grams of carbon dioxide produced by the oxidation 
of 5.8 g. of glyoxal at a concentration of X g. of potassium hydroxide per 
liter. At concentrations above 45.5 g. potassium hydroxide per liter 
76.7^ of the glyoxal is oxidized to oxalic add. 

Glycollie Acid. 

CH 2 OH 

I 

I 

Preparation of Potassium Glycollate, C 00 K.'/jH» 0 .—Glycollie acid 
was prepared as by Witzemann. 1 The crystals of glycollie add were 
washed and dried, dissolved in water, and neutralized with potassium 
hydroxide solution. After concentration of the solution on the water 
bath, the potassium glycollate crystallized out. The salt was recrystallized 
once. 

The Oxidation of Glycollie Add. —The oxidation of glycollie add was 
carried out in the usual manner. The results are given in Table VI. The 
amounts of carbon dioxide and oxalic acid produced by the oxidation of 
12.3 g. potassium glycollate are plotted against potassium hydroxide 
concentrations in Fig. 10. 



1 This Journal, 39,109 (1917). 
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Tabus VI.— Oxidation op Gi.ycom.ic Acid 


o , 

CiHiO»SC >/«HiO (COOK). CO. 


0 

CMn O* 

0 

KOH 

(C.H.CHK) 

V.H.O 

G 

(COOH)i 

G 

COi 

recovered 
u (COOH). 
ud COt 

from 

12 3 g of 
the Balt 

from 

12 J g, of 
the salt 

At g 
KOH 
perl 

2 OO 

None 

1 os 

O 41 

0 35 

I 057 

4 80 

4 IO 

O 33 

2 OO 

O 43 

I os 

0 59 

0 x8 

I 053 

6 90 

2 09 

0 68 

2 IO 

O 96 

I 18 

0 664 

0 20 

1 182 

6 91 

2 07 

1 11 

2 IO 

9 6 

I 23 

0 695 

0 205 

I 233 

6 95 

2 05 

9 6 

2 IO 

48 0 

I 23 

O 69 

0 2 X 

1 232 

6 90 

2 IO 

47 0 


The same percentage of potassium glycollate is oxidized to oxalic acid 
regardless of whether the initial concentration of potassium hydroxide 
is 0.68 g. or 48 g. per liter 

It is only in the solution to which no potassium hydroxide was added 
that a less percentage of the oxalic acid is produced. The average con¬ 
centration of potassium hydroxide in the “neutral solution” would be 
o 23 g , for the amount of potassium hydroxide produced by the hydrolysis 
of potassium permanganate and by the potassium glycollate is in excess 
of the amount needed to neutralize the acids 

Glyoxalic Acid. 

Preparation of Potassium Glyoxalate. —Potassium glyoxalate was pre¬ 
pared by the method of Otto Becliurts 1 The salt was recrystallized from 
water and alcohol. 

Oxidation of Potassium Glyoxalate. —The results obtained by the 
X)H 

oxidation of CH\ are given in Table VII. 

| X)H 
COOK 

Tabus VII. —Oxidation op Guyoxauc Acid 
o 


G 

CMnO*. 

G KOH 
per I 

G 

L»H«OiK 

G 

(COOH). 

G 

CO. 

recovered 
as (COOH)* 

and CO» 

(COOH). 
from 13 
g malt. 

CO. 
from 13 

g mlt 

At cone. 
KOH 
per 1. 

I 2 

None 

O 80 

None 




8 80 

Add 

X 2 

0 So 

I 24 

0 403 

0 44 

x 331 

4 22 

4 6i 

0 47 

I 2 

0 99 

1 24 

0 43 

0 41 

1 227 

4 50 

4 30 

0-93 

% 2 

a.4 

X 20 

0 453 

0 36 

1 18s 

4 9* 

3 90 

a 1 

X 2 

4 9 

1 20 

0 50 

0 32 

1 193 

5 43 

3-47 

4 « 

1 2 

4 8 

I 30 

0 624 

0 26 

1 293 

6.35 

2.64 

45.0 


* The amounts of oxalic add and carbon dioxide which would be pro¬ 
duced by the oxidation of 13 g. (0.1 mol. wt.) of potassium glyoxalate 
are given in Cols. 7 and 8 of the table and are plotted against the average 
potassium hydroxide concentration in Fig. n and on logarithmic paper 
in Fig, 12. The logarithm of the oxalic add and carbon dioxide production 
is a linear function of the logarithm of the potassium hydroxide concen¬ 
tration. The mathematical expression of this is V 0 *= 4.53 and 

* Btr, 14, 381 (1881). 
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I „ = 4.28 X~ 9 - nn Y a equals g. of oxalic add and Y c g. of carbon diox¬ 
ide produced by the oxidation of 13 g. of potassium glyoxalate at a con¬ 
centration of X g. of potassium hydroxide per liter. 




Fig. 12. —Oxidation of glyoxalic acid 

Discussion of Results. 

1. The compounds whose oxidation products have here been studied 
may be classified in a number of ways One way which is rather sug¬ 
gestive is on the basis of the similarity of the groups in the molecule. 

A. Acetaldehyde, glycollic aldehyde, glyoxalic acid, glyeollic acid would 
be classified together on this basis for the groups within the molecule are 
dissimilar. In the first compound there is a methyl group and an aldehyde 
group, in the second an alcohol group and an aldehyde group, in the third 
an aldehyde group and a carboxyl group, in the fourth an alcohol group and 
a carboxyl group. 

B. In glycol and glyoxal, the two carbons in each compound hold the 
same groups, hence are classified together. 
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2. The relationship of the potassium hydroxide concentration to the 
amount of the oxidation products of group A is markedly different from 
the relationship which it bears to the oxidation products of the compounds 
of group B. The logarithms of the weights of the oxidation products 
of group A are (with the possible exception of glycollic acid) linear 
functions of the logarithms of the potassium hydroxide concentration em¬ 
ployed. The amounts of the oxidation products of group B are linear 
functions of the potassium hydroxide concentration. Ethyl alcohol would 
be in group A for in this compound dissimilar groups are attached to the 
two carbon atoms. 

3. In Fig. 8 the amounts of oxalic acid and carbon dioxide which are 
obtained by the oxidation of '/ J0 the molecular weight of glycollic alde¬ 
hyde at various concentrations of potassium hydroxide are plotted. The 
experimental points on this line are circled. In this same graph the 
points within the squares represent the figures given in Col. 9 of acetalde¬ 
hyde Table I for 50°. It may lie seen by reference to the description 



Fig 13 

» 

of the method for deriving these figures that they represent the weights 
of oxalic add which are produced by the oxidation of l /io of the molecular 
weight of the substance which is oxidized to oxalic add and carbon diox¬ 
ide during the alkaline oxidation of acetaldehyde. As may be seen the 
points within the squares lie on the same straight line as the points within 
the circles. This means that the potassium hydroxide has the same 
effect on the intermediate compound formed in the alkaline oxidation of 
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acetaldehyde as it does upon glycollic aldehyde when the latter com¬ 
pound is oxidized in alkaline solution with potassium permanganate. 
This identity of effect may be shown in another way. If glycollic alde¬ 
hyde is the intermediate product in the oxidation of acetaldehyde them 
the equations which were derived for the production of oxalic add and 
carbon dioxide from the intermediate product should hold true for the 
production of these compounds from glycollic aldehyde. The equations 
derived for 50° were as follows: 

Z 0 = 2.87 X 01 ** (1) 

Z c = 6.5 X-°-'» (2) 

where Z a is the weight of the oxalic add; Z c , the weight of the carbon 
dioxide; and X, the weight of the potassium hydroxide per liter. 

The correlation of the weights of the oxidation products obtained from 
glycollic aldehyde experimentally and those calculated by means of the 
two above equations is shown in the following table: 

Table VIII. —Glycollic Aldehyde Oxidation. Results Calculated and 

Observed. 


Value of 

O 

of oxalic acid. 

G. of car boo dioxide. 

X G. per 1. 

By expt. 

By calculation. 

By cxpt. 

By calculation. 

I 2 

3 00 

2.97 

6.19 

6 30 

25 

3 45 

3.40 

5 55 

560 

4 8 

3 90 

3-83 

5.00 

5.03 

13 0 

4 57 

4.60 

4-30 

4 25 


This shows that these equations do express within the limits of experi¬ 
mental error the rdationship of the alkali concentration to the amounts 
of oxidation products. 

This, then, is strong evidence in favor of the theory of Nef and Denis 
that glycollic aldehyde is an intermediate compound formed in the alkaline 
oxidation of acetaldehyde with potassium permanganate. 

McLeod 1 has shown that vinyl alcohol molecules are present in a solu¬ 
tion of acetaldehyde as soon as a concentration of 0.1% of alkali is 
attained. It is shown in Part I that the oxidation of acetaldehyde to 
acetic add is not quantitative when the potassium hydroxide concentra¬ 
tion is greater than about 0.1%. That is, oxalic add and carbon dioxide 
begin to be formed by the alkaline oxidation of acetaldehyde as soon as 
the alkali concentration reaches a point which is approximately the same 
as that which McLeod has shown to be the concentration at which 
the formation of vinyl alcohol molecules first occurs. The present paper 
also shows that potassium hydroxide concentration has the same effect 
upon tire intermediate compound in the oxidation of acetaldehyde as it 
does upon glycollic aldehyde, and that it behaves in an entirely different 
1 Loc. at. 
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manner upon the other two carbon atom compounds which have been 
studied. 

4. It may be seen by reference to the tables that the maximum amount 
of oxalic acid produced by the oxidation of ’/io the molecular weight of 
glyoxal is the same as the maximum amount produced by the oxidation 
of V, 0 the molecular weight of potassium glycollate. A concentration of 
45'5 g- of potassium hydroxide per liter is required in the case of 
glyoxal while in the case of potassium glycollate less than one gram is 
required. 

Glyoxal on being boiled in aqueous solution is converted into glycollic 
acid. Benzoyl formaldehyde does not undergo the benzilie acid rearrange¬ 
ment in hot water, but in cold alkaline solutions this change takes place 
with such remarkable speed to form mandelic acid that Fehling’s solution 
is unaffected by this keto-aldehyde. The effect of the alkali on glyoxal 
is to cause this compound to undergo the benzilie acid rearrangement to gly¬ 
collic acid. Consequently, the amount of oxalic acid produced by the 
oxidation of glyoxal should be the same as the maximum amount pro¬ 
duced by the oxidation of glycollic acid. 

5. The effect of the alkali concentration on the production of oxalic 
acid and carbon dioxide from glycol, glycollic aldehyde, glyoxal, glycollic 
acid and glyoxalic acid under the conditions of these experiments is seen 
to be widely' different within certain limits in the compounds studied. 
Considerable light is shed on the course of the oxidation of these com¬ 
pounds when the relationships of the graphs are studied. 

A. Glycol.—The production of oxalic acid and carbon dioxide from 
glycol reaches a constant value when the concentration of the alkali is 
3 g. per liter; from glycollic add at a concentration lower than that for 
glycol; from glyoxal at a concentration of 46 g. per liter. 

Nef, 1 made a study of the behavior of certain glycols and glycerol 
towards alkalies alone and towards alkaline oxidizing agents. He found 
that hydrogen, ethyl alcohol, carbon dioxide, formic acid, acetic acid and 
glycollic add were obtained by heating a mixture of ethylene glycol and 
sodium hydroxide for 2.5 hours at 230° to 285 °. ! As noted above glycol 
reacts with aqueous solutions of alkalies containing lead peroxide giving 
hydrogen as one of the products. This result in aqueous solution is in 
harmony with the pyrogenic decomposition of glycol. 1 

The presence of carbon dioxide in our experiments with glycol and also 
those of Glaser and Morawski* can be readily explained on the assumption 
1 Ann., 335 .379 (*904)- 

1 Cf. Wurtz, A an. ckim. pkys., [3] 55, 417, 477 (1859). 

• hoc. tit. 
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of the intermediate formation of glycollic aldehyde which is immediately 
dissociated into two molecules of formaldehyde, 1 i. e., 

(a) CH 2 OH.CHsOH —*■ CH,OH.CHO —► zCHjO. 


In harmony with Nef's views to the effect that the metallic salts of the 
alcohols dissociate at lower temperatures than the alcohol itself, it is 
evident that as the concentration of the alkali increases in these oxida¬ 
tions, the tendency of the glycol would be towards the formation of gly- 
oxal, i. e., 

CHsOH.CHjOH —► CHO.CHO -f 2HOH. 

As we have repeatedly pointed out, glyoxal is converted to glycollic add 
even in the cold in aqueous alkalies, This reaction is so rapid in Fehling’s 
solution that no reduction whatsoever takes place. 2 

If glycol reacts to give compounds which yield carbon dioxide on oxida¬ 
tion, and furthermore if glycol reacts to give glycollic add as an inter¬ 
mediate compound, then it follows since glycol and glycollic add are both 
oxidized to carbon dioxide and oxalic acid under the same conditions, the 
yield of carbon dioxide should be greater and that of the oxalic add should 
be less than the yield of these two compounds would be from glycollic 
add. That this explanation of the oxidation of glycol is the correct one 
is very evident from Figs. 6 and 10. 

The only glyoxal which we had at our disposal was that obtained from 
the sodium add sulfite compound obtained from Kahlbaum. Harries and 
Temme 3 have pointed out the existence of several polymerized forms of 
glyoxal which reduce Fehling's solution while the monomoleeular variety 
does not. From our general knowledge of the behavior of monomoleeular 
glyoxal and like compounds towards alkalies, it is evident that Fig. 10 
would also be that for monomoleeular glyoxal. From these facts it is 
obvious that Fig. 9 must be that of one of the polymeric varieties of 
glyoxal. 

B. Glycollic Acid.—That glycollic add is the intermediate compound 
in the oxidation of glycol which in turn is oxidized to carbon dioxide and 
oxalic add follows from a consideration of Figs. 10 and 12. If glyoxalic 
add were such an intermediate compound then the amounts of oxalic add 
and carbon dioxide produced would not become constant at concentrations 
of alkali as low as one gram per liter. Glycollic add may be supposed to 
react as follows: 


(a) CHjOH.COOH —► H.COOH + 
which would yield carbon dioxide, and 


\ 


CHOH 


1 Cf. Nef, Ann., 335, 312 (1904). 

* Debus, Ibid., 100, 5 (1856); Ibid., 102, 20 (1837). 

* Btr., 40, 165 (1907). 
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(b) CH*OH 

1 

COOH 


\ 


■C(OH) 

I 

COOH 


which on oxidation would give oxalic acid. 

Glycollic Aldehyde. —Since it has been firmly established by the above 
work that glycollic aldehyde is an intermediate product in oxidation of 
acetaldehyde to oxalic acid and carbon dioxide it is of the greatest interest 
to trace the course of this oxidation if possible to the intermediate com¬ 
pound just preceding the formation of oxalic acid and carbon dioxide. 
Heimrod and I.evene, 1 Witiemann* and Denis 3 explain the oxidation of 
glycollic aldehyde on the basis that this compound is oxidized to glyoxal 
and this in turn to oxalic add, i. e., 


CHjOH .CHO 



CH.OH COOH —f 
COOH COOH 


COOH COOH 


If glyoxal is formed in the alkaline oxidation of glycollic aldehyde, then 
the intermediate formation of glycollic add is to be expected by the 
reaction of glyoxal with alkalies. 

A second possibility is that the alcohol and the aldehyde group of gly ■ 
collie aldehyde undergo simultaneous oxidation with the formation of 
glyoxalic add. A third possibility is that the aldehyde group of glycollic 
aldehyde is oxidized to a carboxyl group with the formation of glycollic 
add. The experimental evidence presented in this paper does not offer 
conclusive evidence as to the exact course of the reaction in the alkaline 
oxidation of glycollic aldehyde. 

Summaiy. 

1. The production of oxalic acid and carbon dioxide from glycol and 
polymeric glyoxal in the alkaline oxidation with potassium permanganate 
is a linear function between certain definite limits of the potassium hydrox¬ 
ide concentration in the oxidizing media. 

2. The logarithm of the production of oxalic add and carbon dioxide 
from glycollic aldehyde and glyoxalic add (and probably from glycollic 
add) is a linear function between certain limits of the logarithm of 
the potassium hydroxide concentration in the oxidizing media. 

3. Very strong experimental evidence is given to show that glycollic 
alfiehyde is formed as an intermediate product in the alkaline oxidation 
of acetaldehyde with potassium permanganate. 

4. Evidence is presented to show that potassium permanganate in 
alkaline solution oxidizes the two carbon alcohols, aldehydes and adds 
according to the following scheme: 

1 Biochmt . Z ., 39,31 (1910). 

* This Journal 39, 3657 (1917) 

• Am , CMm . J „ j8, 368 (1907). 
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CHiCHjOH 

—*■ 

CH.CHO —► CHjCOOH 

I 

C 0 ,OH 

1 


CHj.CHOH 

1 

1 

CHtOH 


l 


\ 


CH s 0 H 

t 

1 

r 

V 


CHO 

1 

1 


i 

CHO 


CH t OH 

1 



1 —*■ CO, + (COOH), 

CHO —>- 

COOH 1 


CHO 

i /■ 

COOH 

CoLVMBtia, Ohio 


; 


ETHYLENE CHLOROHYDEEN AND 0 ,/ 3 -DICHLOROETHYL- 

SULFIDE . 1 

By M. Gombbhc. 

Rei_MV<*<! June 21, 1910 

Within a few days after the so-ealied "mustard gas” was introduced as 
a means of offence in warfare (July 12-13, I 9 l 7 )> it was definitely iden¬ 
tified as / 3 , 0 -dichloroethylsulfide. There was reason to believe that it 
had been manufactured from ethylene chlorohydrin, according to the 
method described some 30 year- previously by V. Meyer.’ A second 
possible method,—the reaction between ethylene and the mono- or di- 
chloride of sulfur,—was also given some consideration, but on the basis 
of preliminary experiments in several laboratories, was not looked upon 
at that time as promising.’ 

The directions in the literature for the preparation of dichloroethylsul- 

1 This article has been approved for publication by the Director of the Chemical 
Warfare Service. The experimental work was done at the Chemical laboratory, Uni¬ 
versity of Michigan, under the auspices of the Bureau of Mines, War Gas Investiga¬ 
tions. The results were reported to tlie Bureau of Mines in three reports—March 9, 
April 8, and June 18, 1918. 

* Ber., 19, 3260 (1886). 

* In the light of subsequent and the more recent events, it seems almost certain 
that Guthrie actually did have in his hands some dichloroethylsulftde, as a result of his 
experiments with this reaction. He says: "Its smell is pungent and not unpleasant, 
resembling that of oil of mustard; its taste is astringent and similar to that of horse¬ 
radish. The small quantities of vapor which it diffuses attack the thin parts of the 
skill, as between the fingers and around the eyes, destroying the epidermis. If allowed 
to remain in the liquid form on the skin, it raises a blister." (Quart J. Cher*. Sac., 
IJ, nr (r86o).) 
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fide from chlorohydrin seemed sufficiently explicit to furnish the basis of 
a reliable technical process. The reactions are as follows: (1) Ethylene 
chlorohydrin, in solution, reacts with sodium sulfide and gives dihydroxy - 
ethylsulfide in good yields; (2) this product, harmless in itself, gives the 
highly toxic dichloroethylsulfide when treated with phosphorus penta- 
chloride (V. Meyer) or with cone, hydrochloric acid. ! 

2HOCH,CH,Cl + NajS = HOCHjCH, — S — CH 2 CH,OH + sNaCl. 

(HOCHjCH,)^ + 2HCI = CICHjCHj — S — CHjCHjCl + 2H,0. 

The fundamental difficulty was how to get the chlorohydrin itself. The 
methods in the current scientific literature for the preparation of this 
substance seemed wholly inadequate for a technical process. These 
methods fall within two classes: (a) the addition of hypochlorous acid 
to ethylene, 1 (6) the action of sulfur monochloride, 8 of hydrochloric acid, 4 
or of chlorine 1 upon pure ethylene glycol. For the preparation of chloro¬ 
hydrin merely on a laboratory scale it has been found more desirable to 
use pure ethylene glycol,—in itself not readily obtainable,—as the start¬ 
ing point, and this is the method usually recommended. But from the 
practical standpoint, for a technical method, the hypochlorous acid addi¬ 
tion reaction seemed to offer more promise, notwithstanding the discour¬ 
aging facts that alkaline hypochlorites as such are known to have no 
action on ethylene, that free hypochlorous acid can only be prepared in 
solutions from i to 3%, and that the best yield of chlorohydrin by this 
reaction was known to be only about 30^ of the theoretical amount 
(Butlerow). 

The most feasible source of hypochlorous acid for technical operation 
was deemed to be bleaching powder. It was suggested, in various reports 
from abroad that ethylene could be passed into a suspension of bleaching 
powder in water, and dil. mineral acid, or carbon dioxide under pressure, 
could be used to liberate bypoclilorous acid at the rate that the latter is 
being used up by the ethylene. Whether chlorohydrin has actually been 
made by the above method on a technical scale, the writer does not know. 
Our own experience in this direction on laboratory scale gave poor yields 
of chlorohydrin. 

In view of the many difficulties connected with the use of bleaching 
powder, several investigators independently of each other attempted to 
utilize as the source of hypochlorous acid the solution of chlorine in water, 
i. bringing chlorine and ethylene into reaction in presence of water. 
As is well known, the reaction between chlorine and water yields but very 

1 H. T. Clarke, /. Chem. Sac., 101, 1583 (1912). 

* Corius, Ann., 116,197 {1863); Butlerow, Ibid., 144, 42 (1867). 

* Conus, Hid., 114, 257 (1862); Fittig u. Strfim. Ibid., 267, 191 (1892). 

4 laden burg, Bar., 16,1407 (1883). 

* Doodu, Monauh., 16, 3 (1893). 
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little hypochlorous add. This is due not merely to the inherent prone¬ 
ness of the add towards decomposition with liberation of oxygen, but 
even more so to the presence of the hydrochloric add. 

Cl 2 + H 2 0 ^ HC 1 + HOC 1 . 

The equilibrium is thus very much on the left-hand side of the equation. 
Consequently, it was generally assumed that since the amount of hypo- 
chlorous add as compared with the amount of free chlorine must at best 
be but small, the tendency would therefore he greater towards the forma¬ 
tion of ethylene chloride rather than of chlorohydrin 

CH 8 : CH, + HOC 1 = HOCHo.CHjCl. 

C.H,: CH 5 + Cl, = CICHj.CHjCl. 

Various procedures were suggested in order, presumably, to obviate, 
or to overcome this difficulty. Some 1 have proposed to pass ethylene 
and chlorine into a solution of sodium borate,—the borax, through its 
interaction with the hydrochloric acid, should keep down the hydrogen 
ion concentration; sodium hydroxide is added at intervals in order to 
bring back into solution the boric acid which has separated. Others have 
used copper oxy-ehloride, alternately saturating the solution with chlorine 
and with ethylene, catalytic influence being claimed as additional advan¬ 
tage for the copper salt. 2 Some 3 have proposed to pass the unsaturated 
hydrocarbon into an aqueous bath in which "chlorine or hypochlorous 
add is generated electrolytically.” Others 4 have carried on the reaction 
between ethylene and chlorine in presence of steam, or at temperatures 
slightly under 100°, introducing the two gases simultaneously or alter¬ 
nately. Obviously, of the procedures mentioned above, only those that 
employ borax or copper oxychloride actually tend to depress the hydrogen 
ion concentration 6 and thus do affect the equilibrium in favor of the 
hypochlorous acid, and, presumably, in favor of chlorohydrin But, as 
will be shown in this paper, the accumulation of the sodium chloride in 
solution is more harmful than that of hydrochloric add and is distinctly 
detrimental to the favorable progress of the reaction. The procedures 
based upon the interaction of ethylene, chlorine and water at, or near to, 
ioo° can hardly favor the reaction between chlorine and water in favor 

1 J. B. Conant, in report to the Bureau of Mines Williamson, in 1845, used di¬ 
sodium acid phosphate (Ann., 54, 133 (1845)). 

* J. C. Irvine, of St. Andrews University, in report at Bureau 0/ Mines. 

* McElroy, U. S. pal. 1,233,615, C. A. la, 702 (1918). 

4 E. P. Kohler, in report to the Bureau of Mines; McElroy, V. S. pat. 1,253,616, 
C.A. 12, 703 (1918); Comtnerc. Research Co., Br. pals. 113,9540^ 113,955, C. A., 12, 
1469 (1918); Eldred, Can. pat. 186,634, C. A., 12, 2325 (1918). 

1 It must not be forgotten that by the use of those bases which produce soluble 
chlorides the concentration of the hydrogen ion is depressed, but not that of the chlorine 
ion. Hence, the improvement due to the use of such bases is limited. See Jakowkin, 
Z. phytik. Chan., 29, 613 (1889). 
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of hypocblorous add. In all probability they give lower yields of chloro- 
hydrin,—the bypochlorous add is less stable at that temperature, the 
ethylene is less soluble, etc. The surmised advantage of such methods 
is that chlorohydrin is being removed from its dil. aqueous solution as soon 
as produced, by virtue of the fact that it tends to form with water a con¬ 
stant boiling mixture possessing a low boiling point, as will be shown 
further on. But chlorohydrin of itself is of least influence as a factor in 
depressing the concentration of the desired product attainable in this 
reaction, which also will be shown later. 

The premises which the writer used for the working out of his pro¬ 
cedure were of somewhat different nature from those as above described. 1 
They were suggested by the excellent paper by John Read and Margaret 
M. Williams, 2 on the action of bromine water on ethylene. Substituting 
chlorine for bromine we can express, as they have done, the relationship 
between water, chlorine and ethylene schematically in the following 

manner HOH + Cl, HOC1 + HC1 

i l 

C H Cl, Crfh(OH)Cl 

In other words, the principal factor which is likely to determine the 
ratio of ethylene chloride to chlorohydrin must lie, after all, in the relative 
velocities of the two reactions,—between ethylene and chlorine on the 
one hand, and between ethylene and bypochlorous add on the other. 
In case the second reaction occurs with greater velocity than the first, 
then we should be dealing with a case of mobile equilibrium, and the prin- 
dpal product would be chlorohydrin,—provided that care be taken to 
maintain stirring, so that ethylene reacts only with the chlorine in solu¬ 
tion and not with the gaseous chlorine. Experiments proved that such 
is actually the case. Very little ethylene chloride is produced until a con¬ 
centration of 6 to 8 °/,- of chlorohydrin has been attained. 

A brief study has been made of some factors which influence the rate 
of chlorohydrin formation, the concentration of chlorohydrin attainable, 
also of the practical means of separating the chlorohydrin from its aqueous 
solution. Some data concerning the preparation of d.d-dichloroethyl- 
sulfide from chlorohydrin, and of unsuccessful attempts to prepare it from 
ethylene chloride, are given at the end of this paper. 

I. Chlorohydrin. 

Ethylene. —The unsaturated hydrocarbon was prepared from alcohol 
by the use of aluminum sulfate as the catalyst.* The hydrated al uminum 

1 None of the above mentioned processes was known to the writer at the time his 
own work was being done. 

* J , Chem , Sot., in, 240 (1917). 

'Sabatier and Mailber, Ann., Mm. phys., [8] 20, 300 (1910); Senderens, Ibid ., 
aS, 4»i 
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salt was heated in an iron dish till the water was driven off The porous 
residue was granulated, the larger lumps reduced to about '/» inch in 
diameter, and the fine powder was removed by sifting through a 20-mesh 
sieve. The granular salt was placed in a 30-inch brass tube through a 
length of about 25 inches, and the tube placed in an electrically heated 
furnace. The alcohol was led into the tube in the form of vapor, previous 
preheating of the vapor having been found to be without advantage in 
our small scale experiments. The issuing gases were passed through a 
condenser and receiver and collected as usual over water. Best results 
were obtained with a temperature of 420 to 460°. The yield of ethylene 
varied, 60 to 80% of the calculated amount being produced. The ethylene 
is 95 to 97% pure. The aluminum sulfate gradually becomes reduced 
and at the same time coated with a layer of carbon, but on reheating in 
the furnace and passing air over it, the catalyst becomes white and re¬ 
sumes its former activity. 

Procedure.—From one to three liters of water was placed in a wide- 
mouth bottle which was provided with a tightly fitting stopper with 4 
holes. One opening carried a glass tubing for the introduction of ethylene; 
the second, for the introduction of chlorine; the third is for an efficient 
stirrer, and the fourth carried a tube for connection with a trap, in order 
to indicate whether any uncombined gas was escaping,—ethylene or 
chlorine, and also for the purpose of carrying on the reaction under slight 
pressure when this was desired. The rate at which the gases were intro¬ 
duced was carefully noted, and the relative quantities of each were so 
regulated that practically no gas left the reaction chamber. The ethylene 
was kept just enough in excess over chlorine to keep the solution colorless. 
At the end of the experiments the aqueous solution was separated from 
the ethylene chloride if any had been formed, and the amount of chloro- 
hydrin in solution was carefully determined in an aliquot portion. The 
method of estimation is based upon the difference between the indices of 
refraction of water (r.333) and pure chlorohydrin (1.442). The indices of 
refraction of known concentrations of chlorohydrin were determined in an 
Abbe refractometer, and plotted, the result being a straight line. In 
order, therefore, to determine the quantity of chlorohydrin in a given 
solution, some of the latter is carefully neutralized with sodium carbonate 
and distilled. From the index of refraction of the distillate, previously 
diluted in order to throw out any ethylene chloride that might be present 
in solution, the per cent, of chlorohydrin in the distillate is read off at once. 
The method is rapid and readily accurate within 0.5%. 

Rate of Formation, and the Concentration Attainable.—The rate at 
which the gases could be introduced was found to depend very much 
upon the efficiency of the stirring arrangement. At the outset of the 
operation they were often passed in at the rate of 20 to 25 liters each 
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per hour, the solution being kept at about io to 12 °, which gave almost 
as good results as 0°. But such rates cannot be kept up for long, and 
with the progress of the reaction the rate of combination between the two 
gases slows down. Up to a concentration of chlorohydrin equal to 5%, 
and 2.5% hydrochloric acid, there is hardly any ethylene chloride being 
formed. But when the concentration of chlorohydrin has reached about 
8% the absorption of the reacting gases becomes markedly slower, even 
when employing vigorous stirring and working under a pressure of 2 to 
3 inches mercury. But by continuing to pass in the gases at a slow rate 
it is possible to attain concentrations of chlorohydrin equal to 14 to 15%. 
Such high concentrations are reached, however, only at the expense of 
a good deal of ethylene, since with the increase of concentration in chloro¬ 
hydrin proportionately more and more ethylene chloride is produced. 

Salts of mercury, because of their capacity to unite with ethylene, were 
tested as possible favorable catalysts for this reaction. The results, how¬ 
ever, did not indicate any particular influence in this respect. 

Effect of Neutralizing the Acid.—The attempt to depress the amount 
of hydrochloric acid, which might otherwise accumulate in the reaction 
mixture, by the addition of jyiwdered marble or precipitated calcium 
carbonate resulted unfavorably. The aqueous solution soon became 
saturated with carlxm dioxide; this, apparently, greatly diminished the 
solubility of ethylene, and after a while the reaction slowed down very 
considerably. Much better results were obtained when the neutraliza¬ 
tion was done at intervals by successive small additions of calcium hy¬ 
droxide in amounts corresponding to the quantity of the acid formed, as 
judged from the amount of ethylene used up. By this procedure solu¬ 
tions containing 14 to 15'of chlorohydrin were obtained. Thus, the 
neutralization of the add is of little effect as regards the concentration of 
chlorohydrin attainable. Nor was there any evidence that the rate of 
reaction was improved, on the contrary, it rather seemed as if the rate 
of combination was somewhat slower than when the acid was left unneu¬ 
tralized, which effect might have resulted from the probable decrease in 
solubility of the gases in water containing calrium chloride, or any other 
salts, for that matter. 

Ratio between Chlorohydrin and Ethylene Chloride.— It was found 

tjiat when the o[>cration is limited to the production of only 6 to 8% of 
chlorohydrin there is comparatively little ethylene chloride produced, from 
o to io ( y ( . Higher concentrations, particularly 14 to 15%, are obtained, 
as indicated above, only by using a good deal of ethylene, which 
is lost in the formation of ethylene chloride. When ethylene, chlorine 
and water alone are used, the by-product is hydrochloric acid; if this 
acid is progressively neutralized with borax, sodium hydroxide, or cal¬ 
cium hydroxide, the corresponding salts are produced. Experiments were 
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carried out with the object of getting some idea as to the influence which 
these various products exert on the ratio of chlorohydrin to ethylene 
chloride, ». e., the influence of chlorohydrin, of hydrochloric add, and of 
the different salts. As has been mentioned, very little ethylene chloride 
is ordinarily produced when the concentration of chlorohydrin is 8% or 
lower, e., when the concentration is equal to a N solution or less. Under 
these circumstances, the concentration of the add, or of the salts resulting 
on its neutralization, is approximately similar. Obviously, then, the pro¬ 
nounced influence of each of the factors mentioned comes into play only 
after the normal concentration is reached, as not until then does the forma¬ 
tion of ethylene chloride commence to be appredable. Accordingly, the ex¬ 
periments were arranged in this manner: One liter of water was taken, 
chlorine and ethylene passed into it, and at intervals the content of chloro¬ 
hydrin and ethylene chloride produced was determined; this was contin¬ 
ued until the concentration of the former was considerably above normal. 
Then experiments under as nearly similar conditions as possible were 
carried out, with water which contained, to begin with, an amount of 
chlorohydrin, or of add, or of the salts, to make N or 2 A T of each, respec¬ 
tively. The following table gives the results obtained. The initial 
strength of the various solutions, as well as the concentration of the 


Tabu I. 

Chlorohydrin produced Ethylene dichlonde Ethylene distribution . 
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tration 

N 
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G. 

Cc 
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Water. 

0.92 
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91 
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85 
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86 
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97 
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19 3 

8 0 

2.90 

87 
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84 
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77 
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77 
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70 
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0.66 
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74 

26 
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0.46 
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73 

38 
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3*6 

76 
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chlorohydrin actually produced in the experiment, are expressed in terms 
of normality factor. 

Fig. 1 shows more graphically the influence exerted by the various 
factors upon the ratio of ethylene consumed in chlorohydrin formation to 
that consumed in ethylene chloride formation. 

It is not safe to draw decided conclusions from so few experiments, but 
the above results, as far as they go, seem to indicate: (1) hydrochloric 
add, by itself, even when in concentration 2 N, does not hinder the con¬ 
version of ethylene exclusively into chlorohydrin. But when the concen¬ 
tration of the latter has reached about 3 % (HC 1 =”2.3 N) ethylene chlo¬ 
ride commences to be produced in considerable amounts (2) Chlorohydrin, 
by itself, even in N concen¬ 
tration, has no bad influence 
upon chlorohydrin formation 
On the contrary, the presence 
of tome chlorohydrin in the 
solution at the beginning of 
the operation, seems to in¬ 
crease the speed of the ab¬ 
sorption of ethylene. When, 
however, in the course of the 
reaction the concentration on 
chlorohydrin becomes about 
2N, [the add at the same 
time becoming about N, 
ethylene chloride commences 
to form. (3) The combined 
effect of chlorohydrin and add 
is of far greater influence than 
the individual influence of 
each would lead one to ex¬ 
pect. A N concentration of 
each, when simultaneously 
present, favors the formation Fig I —Curves showing effects of adds, salts, etc , 
of ethylene chloride. (4) on the formation o( CH,OHCH,Ct and C,H,Cl,. 

Neutralization of hydrochloric add during the course of the reaction 
would appear to be harmful rather than beneficial. The salts thus pro¬ 
duced show a more deleterious effect than the add in chlorohydrin 
formation. Neutralization by calcium or magnesium hydroxide is likely 
to prove less harmful than by sodium hydroxide. 

The additional small amount of free add, simultaneously produced 
with the chlorohydrin in the course of the tests with the salts, is not taken 
into account. 
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Thus, it would seem, that for practical purposes it is not advisable to 
go beyond 7 or 8% of chlorohydrin -concentration, although very good 
stirring may raise this somewhat. It also seems best not to neutralize 
the acid while the reaction is progressing, unless this becomes desirable 
in order to prevent corrosion of the apparatus. 

Fractional Distillation of Chlorohydrin Solutions.— Pure chlorohydrin is 
described in the literature as possessing a boiling point between 128° and 
132 In our experience, chlorohydrin, known from its analysis to be pure, 
boils at 128° to 128.5 0 , under 730--735 mm. pressure. Although the 
difference in the boiling points of chlorohydrin and water is greater than 
that of water and alcohol, yet in the past the separation of chlorohydrin 
from water by fractional distillation was not attempted, for the reason, 
presumably, that chlorohydrin was believed to distil all with the water. 
Carius' early observation 1 that chlorohydrin distils over with the first 
portions of the water, has apparently never been utilized by subsequent 

workers. That statement is correct 
only when the concentration of chloro 
hydrin is within certain limits, as will 
be shown below. We, too, found that 
with to to 15', solutions of chloro¬ 
hydrin, the hydrin distils over almost 
wholly with the first half of the 
water, the thermometer usually in¬ 
dicating 98° to 99 0 . But when the 
distillate was collected in small frac¬ 
tions and these were examined with 
the refractometer, we found that the 
first fractions were richest in chloro¬ 
hydrin, the strength rapidly dropping 
off as the distillation proceeded. 
From a series of experiments it was 
determined that chlorohydrin and 
water, in the proportion of 42.5% of 
the former and 57.5% of the latter, 
make a constant boiling mixture 
which boils at 95.8° under 735 mm. (Fig. 2). Consequently, when a 
solution richer than the constant-boiling mixture is distilled, the latter 
comes over first, and almost pure chlorohydrin towards the last (Fig. 3, 
50% Solution). On the other hand with solutions poor in chlorohydrin 
content, the very first fractions on distillation will tend to approach in 
their composition the constant boiling mixture, and will consequently be 
the richest. This was verified on concentrations of 5, 10 and 15% of 
1 Atm., 126, 198 {1863). 



Fig. 2 —Constant-boiling mis lure 
Original concentration, 43 7% 
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chlorohydrin, respectively (Fig. 4). It is apparent that the more dilute 
the solution is, the greater, relatively, is its tendency to enrich itself in 
the first fractions on distillation. By the time '/* of the total original 
solution had distilled, it carried over 80%, and more, of all the chloro- 
hydrin, and the con¬ 
centration in this dis¬ 
tillate was now al¬ 
most double that of 
the original solution. 

It should be men¬ 
tioned that J. C. Ir¬ 
vine 1 arrived at simi¬ 
lar conclusions, based 
upon similar findings. 

He, too, employed 
the refractometer in 
the course of distilla¬ 
tion of aqueous solu¬ 
tions of chlorohydrin. 

Effect of Hydro¬ 
chloric Acid and of 
Salts upon the 
Course of the Dis¬ 
tillation.— When 
chlorohydrin is pre¬ 
pared as described, 
there is produced as a 
by-product an equiva¬ 
lent amount of hydro¬ 
chloric acid, or, if 
progressively neutralized, an equivalent amount of some salt. The separa¬ 
tion of chlorohydrin from the add solution can be accomplished through 
fractional distillation just as readily as from a neutral solution, and neu¬ 
tralization of the add is not necessary unless it be desirable to avoid the 
corrosive action of the add upon the distillation vessel. 

' The refractive indices of dil. hydrochloric add solutions are almost 
identical with those of chlorohydrin when of the same molecular concentra¬ 
tions. Also, the refractive index of a mixture consisting of add and chloro¬ 
hydrin is an additive quantity, as we found by experiment. Consequently, 
by determining in the course of a fractional distillation the refractive in¬ 
dices of the fractions on the one hand, and by titration the add content on 
the other hand, one may follow the progress of separation of chlorohydrin 
1 Report at the Bureau of Mines. 
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Pig. 3.—Curve far 50% solution. 
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from add by distillation. In the following experiment 25 cc. of 2 N 
chlorohydrin solution was mixed with 25 cc. of 2 N hydrochloric acid, the 
resulting mixture approximating what is usually obtained in actual prac¬ 
tice, *. e., a solution containing about 8 % of chlorohydrin. The mixture 
was distilled, using an ordinary fractionating column with 3 bulbs, and the 
distillate was collected in 9 fractions. 


Table II 
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Fig. 5 shows m a very striking 
manner how readily and completely 
dilorohydrm may be distilled from 
the dil. hydrochloric acid solution, 
leaving all the acid behind 

As to the effect of salts, experiments 
have '-hovvn that a solution containing 
of chlorohydrin and only an equiv¬ 
alent amount of sodium or calcium 
chloride is but slightly affected by the 
presence of the latter. But in a 10% 
solution the influence becomes appar¬ 
ent after the first Vn the solution 
has distilled over, and is quite appre¬ 
ciable after the first */» has gone 
over. Again, if such a solution is 
saturated with calcium chloride, the 

first fraction of the distillate, which is 
Kg.V-vSutierimposedairveof 5 %,.o%, ^ ^ volum£ only i/, of ^ 

W " ‘ original solution, contains 95% of all 

the chlorohydrin originally present. In other words, the 10% solution 
becomes now a 30% solution of chlorohydrin with practically no loss of 
the product. These facts are shown in Fig. 6. 

It is not possible to get as concentrated distillates by saturating dilute 
solutions of chlorohydrin with salt as when saturating with calcium chlo- 
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Fig 1 —Curve for fractionation of equivalent parti of chlorobyrirra and 
HC 1 in H a 0 . 


ride, due to the great difference in the solubility of the two chlorides. The 
following examples show what can be accomplished by a successive 


combination of the salts. About 8 
liters of water was treated with ethyl¬ 
ene and chlorine until a 7.3*0 concen¬ 
tration of chlorohydrin was produced. 
This mixture, 9 liters, was neutralized 
with lime and distilled until 4 liters 
was collected. The distillate was now 
saturated with salt and again distilled 
and i6oocc collected. This distillate 
was now saturated in the cold with 
commercial calcium chloride, and dis¬ 
tilled until one liter was collected. 
The strength of the final solution was 
64% of chlorohydrin. Thus, by three 
distillations, all the cldorohydrin orig¬ 
inally present in 9 liters, was concen¬ 
trated into one, with practically no 
loss of the product. 

Salting Out the Chlorohydrin.— 
Carius, in describing the properties of 
chlorohydrin, makes the statement 



Fig 6—Superimposed curves of 10% 
solutions, one containing an equiva¬ 
lent quantity of CaClt, and one 
•atnrated with CaCU 
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that chlorohydrin readily separates on the addition of soluble salts to 
its aqueous solution. The statement is misleading, and this may 
account for the fact that, subsequently, this property has not been 
Utilized for the separation of clilorohydrin. The nature of the salt, 
the concentration of the chlorohydrin, the temperature of the solu¬ 
tion,—each of these constitute a very important factor in this 
operation. Thus, with sodium chloride, very little, if any, chlorohydrin 
is thrown out of a solution, unless more than 16 to 18% is present, 
for water saturated at room temperature simultaneously with both 
salt and chlorohydrin, retains 16 to 17 g. of the latter per too ce. of liquid. 
By raising the temperature, more salt will be dissolved, but on the other 
hand, the solubility of chlorohydrin in water increases also to such an 
extent that no chlorohydrin is separated even from a 50% solution. If 
now such a solution is allowed to cool down slowly to room temperature, 
an oil rich in chlorohydrin will appear on the top. It is evident, therefore, 
that it would hardly be advisable to resort to salting out chlorohydrin 
with ordinary salt, unless the solution contains 30 to 35% of the hydrin. 
Under such circumstances, about of the total separates as an oil on 
the surface; its composition is about 30% water, 70% chlorohydrin, and it 
carries 7.2 g. sodium chloride per 100 cc. of oil. 

Sodium sulfate gives far more satisfactory results than sodium chloride. 
Saturation with the sulfate at ordinary room temperature has very little 
effect, but at slightly higher temperatures, 32 to 33 a great deal more 
of the sulfate goes into solution. The separation of the oil commences 
when the solution contains 7 g. of the sulfate per 100 ce., and the amount 
of oil continues to increase until the aqueous solution is saturated, at that 
temperature, with the sulfate, containing 25 g. of it per 100 cc. The 
aqueous solution is now only about 7% chlorohydrin, while the 
composition of the oil is about 68% chiorohydrin and 32% water, and it 
carries only about 0.65 g. of sodium sulfate per 100 cc of oil. Obviously, 
sodium sulfate at 32 to 33 0 is decidedly a more suitable salting out agent 
than sodium chloride at room temperature. 

The following procedure may be employed when working on a laboratory 
scale: After all the chlorohydrin has separated on saturating the solu¬ 
tion at 32 0 with sodium sulfate, the mixture is cooled down without dis¬ 
turbing the liquids. If now a crystal of the salt is dropped in, crystalliza¬ 
tion in the supersaturated aqueous solution ensues at the point of junc¬ 
ture of the two liquids. So dense is the mass of crystals at the juncture 
that tiie oil can be decanted readily, free from contamination with the 
lower layer. 

A combination of the two salts may be employed with advantage. 
Stopping slightly short of saturation with sodium chloride, and then 
finishing with just a small amount of sodium sulfate, all at room temper- 
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ature, a satisfactory separation may be had, the aqueous solution being 
only 10% strong in chlorohydrin. 

Magnesium sulfate, ammonium sulfate, aluminum sulfate, were found 
to induce separation; magnesium chloride and calcium chloride, on the 
other hand, proved ineffective. The subject of salting out deserves very' 
careful attention, and more work, of greater accuracy, needs to be done 
in this connection. 

In addition to distillation and salting out, we still have the old stand¬ 
ard method of extraction with immiscible solvents. < )n a technical scale, 
benzene would offer decided advantages over ether, which has been used 
generally in the past for the extraction of chlorohydrin from its aqueous 
solutions. Ethylene chi iride, the by-product in the manufacture of 
chlorohydrin, could also be employed for this purpose. 

It is obvious that the isolation of chlorohydrin from its dilute aqueous 
solution, can be accomplished advantageously by a judicious combina¬ 
tion of all three methods,—distillation, salting out and extraction with 
immiscible solvents in a continuous extraction apparatus. 

Hydrolysis of Chlorohydrin. —The hydrin is very slowly hydrolyzed 
during the distillation of its dilute solution in water. The following data 
give some idea of this loss through hydrolysis. A solution of chlorohydrin, 
2.706 N hi.6 c / ( ), was boiled under a reflux condenser, and the acid pro¬ 
duced was estimated from time to time. 

Table III. 


, hours 

A ml concentration, K 

% hydrolysed 

O 

O OX64 

O O 

l 

O.O452 

I 06 

2 

O 0822 

2 4 vi 

5 

O 1946 

6 60 

10 

0.3330 

12 30 

16 

O 441 

|6 30 


2. fi^-Dichloroethylsulfide. 

The conversion of the hydrin into didilorocthylsulfide involves only 
two steps and the employment of the very simple, readily accessible 
materials, namely, sodium sulfide and hydrochloric acid. 

Thiodiglycol. —We found that it was unnecessary to employ such a 
lafrge excess of sodium sulfide as was recommended by V. Meyer and by 
H. T. Clarke in order to convert chlorohydrin into ethyl sulfide. 

2I10C,HaC 1 + Na*S = HO.CH,CH,.S — CH,CH,OH + aNaCl. 

Instead of 4 mais. of the sulfide, 1.5 mol., and less, was found to be 
not only sufficient, but preferable, in that a purer product resulted. 
Another point of significance, in considering the technical possibilities of 
the process, is the fact that for good yields it is not essential to employ 
very concentrated solutions of chlorohydrin; 20% solutions gave results 
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as good as the 80 or 100% solutions. Large scale operations alone could 
have decided whether it be preferable to get rid of the water before con¬ 
version of the chlorohydrin into thiodiglycol or after its conversion, but 
at the one or the other stage that would have to be done. Of course, 
less evaporation is entailed in obtaining concentrated solutions of chloro¬ 
hydrin than would be required in obtaining equivalent concentrations of 
thiodiglycol. On a laboratory scale it was found convenient to employ 
40 to 80% chlorohydrin solutions. The weighed amount of the solid sodium 
sulfide containing water of crystallization is added directly to the chloro 
hydrin solution, and the reaction is completed by heating the mixture 
for a short time. The solution is now neutralized, sulfuric add being 
preferable to hydrochloric in that it introduces no additional amount of 
water, and the water evaporated, reduced pressure being safely used as 
the glycol is not volatile. The residual salts are impregnated with the 
syrupy oil of the glycol, and the next problem is to separate the glycol 
from the salts. On a large scale p obably centrifuging, followed by wash¬ 
ing with a little alcohol, would prove serviceable. In the laboratory, 
the glycol can be extracted with alcohol, and is obtained pure on the 
evaporation of the solvent. 

The yield of the glycol is very satisfactory, being easily 90 to 95% of 
the calculated amount, and frequently even better than that. It is a 
thick, syrup, non-volatile even at 200non-distillable under reduced pres¬ 
sure without decomposition. It is immiscible with most of the organic 
solvents, but is soluble in chloroform The only certain way of determin¬ 
ing the purity of a technical sample of glycol is to determine how much 
mustard gas it yields. An attempt was made to prepare the glycol pure 
by extracting its aqueous solution with chloroform. But on drying this 
with calcium chloride it was found that nearly all the glycol had com¬ 
bined with the salt. It behaves in this respect like the ordinary alcohols. 

Dichloroethylsulfide.—The usual methods of replacing alcohol hy¬ 
droxyl groups by chlorine can be applied to this problem, but the simplest 
procedure is to heat the thiodiglycol with cone, hydrochloric so'ution. 1 
With this procedure in view it becomes unnecessary to isolate the thio¬ 
diglycol as such, and the two steps, the preparation of the glycol and the 
dichloride, can then readily be combined into one operation. To the 
solid sodium sulfide containing water of crystallization the required 
amount of 70 to 80% chlorohydrin is added. The solution process of the 
sulfide is endothermic, the reaction with chlorohydrin is exothermic, and 
the two just about balance each other. When the reaction is over, the 
excess of sodium sulfide is neutralized with 90% sulfuric acid. To this, 
without previous evaporation, concentrated hydrochloric acid is added, and 
the precipitated sodium salts are filtered off by suction and washed with 
1 H. T. Clarke, hoc. cit. 
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more add. On warming the dear, yellow hydrochloric add solution of 
the glycol to 60-75 the dichloroethylsulfide separates as a heavy, yellow 
oil. The add solution is separated and can be used again after being for¬ 
tified with hydrogen chloride. The oil is washed with water, and after 
filtering through a layer of ealdum chloride or sodium chloride, it is 
suffiriently pure for all purposes, unless a C. P. article is desired. We 
have repeatedly obtained yields from 90 to 98'^, based upon the amount 
of chlorohydrin taken for the experiment. 

The undistilled material retains very little moisture and hardly any 
hydrochloric add. In fact, passing hydrogen chloride into pure mustard 
gas, the latter takes up, under the most favorable conditions, not more 
than i.5°r of its weight, and this can be swept out readily with a little 
dry air. 

If further purification is desired, distillation under reduced pressure 
gives the best results. A slight decomposition occurs when the product 
is subjected to prolonged heating, as when distilling large amounts of the 
material. The distilled and pure product is absolutely colorless, and 
remains colorless on long exposure to light. A sample which has been 
exposed for almost a year shows no trace of coloration. 

The dichloride is readily hydrolyzed by alkalies, silver nitrate solu¬ 
tion, and even to a slight extent with cold water. Consequently, the 
reaction between the diglycol and hydrochloric acid is a reversible one. 

(HOCjH<)jS + 2HCI (ClC*H«)jS + H, 0 . 

It was found that the conversion of the glycol into the dichloride is done 
best at 65-75°, “ud that at the end of the operation the supernatant 
add solution at 70° should still remain saturated with hydrochloric add, 
t. e„ it should contain 33^ of add. Under such conditions, one drop of 
pure glycol gives, with 25 cc. add, a fairly visible amount of mustard 
gas. With a concentration of add of 30%, even two drops fail to give 
any dichloride; with 25% several tenths of a cubic centimeter are required, 
while with add 20% strong, even 2 cc. do not produce turbidity. It 
may be mentioned that the above equilibrium between add and glycol 
is not readily established when starting from the other end, t. e., hydrolyz¬ 
ing mustard gas with solutions of hydrochloric add of various strengths. 
j?or instance, 0.5 cc. of mustard gas was heated at 70° with 15 cc. of 20% 
hydrochloric add for a week, with frequent stirring,—but not more than 
half of the oil disappeared. Apparently the hydrolysis of the dichloride 
must proceed at a much slower rate than the formation of the dichloride 
from the glycol. 

To summarize, with the problem of producing ethylene on a scale 
hitherto unattempted, solved in a satisfactory manner 1 and with the 
conditions for the successful manufacture of chlorohydrin determined, the 
1 Coney, J Ind. £*(. Cktm„ n, a86 (1919). 
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foundation of a process for producing mustard gas on a technical scale 
was assured. Another process, however, namely, the one based upon the 
sulfur chloride reaction, was ultimately adopted in this country. 

3. Action of Sodium Sulfide on Ethylene Chloride. 

The possibility of making mustard gas from ethylene chloride according 
to the equation, 

2C1 2 C 2 I-I 4 C1 + Na-S = (CICjHOjS + aNaCl 


has been studied, but the results were negative. The reaction was found 
to proceed further than desired, even when at room temperature. 


jC 1 C,H,C 1 + 2Na,S = 4 - +NaCl 

x c,h/ 


The ill-smelling, but non-toxic, crystalline disulfide was produced, or one 
of its tw'o polymers, 1 in either case only comparatively small amounts 
being formed, from 1 to 5*of the theoretical amount. Ethylene bromide 
gave the same product, but in large - yields With the object in view to 
keep down the mass of the reacting metal sulfide, attention was turned to 
the use of insoluble sulfides, such, however, as possess the tendency to 
form soluble chlorides. Zinc sulfide, ferrous sulfide, etc., were tried, but 
they gave no better results. 

General considerations concerning the reactivity of halogen derivatives 
of this group of compounds suggest that the dichloroethylsulfide is likely 
to prove more reactive than ethylene dichloride. Compare ethyl chlo¬ 
ride with ethylene dichloride, and we notice the stabilizing effect of the 
second halogen. On the other hand, compare ethyl chloride with glycol 
chlorohydrin and we notice, if anything, the opposite effect of the oxygen 
atom. Now, in mustard gas the sulfur atom is with respect to the halogen 
in the same position as the oxygen in chlorohydrin, and we may expect a 
similar influence by sulfur as by oxygen. Experiments with pure mus¬ 
tard gas gave results which were quite decisive: sodium sulfide converts 
dichloroethylsulfide very readily into the disulfide. In the following ex¬ 
periments one cc. (1.3 g.) of mustard gas was taken in each case, mixed 
with sodium sulfide and allowed to stand at room temperature. Cur¬ 
iously enough, the more dilute the solution of sodium sulfide employed 
in the experiment, the quicker did the reaction set in, and the larger the 
final yield of the disulfide in a given time. This difference in action may 
be due to the greater alkalinity of the cone, sodium sulfide solutions, and 
the consequent more extensive hydrolysis of the dichloride. With the 
dilute solution, the precipitation of the disulfide begins in about an hour, 
when cold, and much quicker when heated. 

1 V. Meyer, Lot. cit 
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Strength of sodium Days Y«td Ctfc. 

au3fide solution. standing. it) g. yield, g. 


1. 20% 5 1.10 I.30 

H. 30% 8 o 72 1 30 

in . 50% 10 o 4j 1.30 


The greater velocity of reaction toward sodium sulfide possessed by 
diehloroethylsulfide than by ethylene dichloride precluded the possibility 
of obtaining mustard gas by this reaction, and the work in this direction 
was not pursued further. 

4. Summary. 

1. It has been shown that ethylene ehlorohydrin can readily be prepared 
from ethylene and chlorine in presence of water, at comparatively low 
temperatures, 0-20°. It was found unnecessary, and apparently unde¬ 
sirable, to keep down, through neutralization, the amount of hydrochloric 
add which is being produced in the course of this reaction. 

2. Concentrations as high as 15 '/ of ehlorohydrin have been obtained, 
but it was found not advisable to go beyond 8%, on account of the pro¬ 
portionately increasing amounts of ethylene chloride produced at the ex¬ 
pense of ehlorohydrin. Some factors which affect adversely the yield of 
ehlorohydrin were determined and they can be arranged in order of their 
increasing influence: ehlorohydrin, hydrochloric add, magnesium chlo¬ 
ride, caldum chloride, sodium chloride; also deficient stirring. 

3. It has been found that ehlorohydrin and water, 42.5^ of the one and 
and 57.5^ of the other, make a constant boiling mixture, 95.8°. In 
virtue of this property, it has been shown, dilute solutions of ehlorohydrin 
can be readily enriched by distillation, csperially when salt or caldum 
chloride is added to the solutions to be distilled. From the concentrated 
solutions pure ehlorohydrin, b. p. 128°, can be obtained. 

4. Methods for salting out ehlorohydrin from its aqueous solutions have 
been described, and it is shown that about 70 % strong solutions can be 
obtained in this manner. By combining the 3 processes, distillation, 
salting out and extraction with immiscible solvent, ehlorohydrin can be 
readily obtained pure. 

5. The conditions have been determined which permit an almost quan¬ 
titative conversion Of ehlorohydrin into mustard gas, starting with either 
dilute or concentrated aqueous solutions of ehlorohydrin. 

It was found impossible to get mustard gas by the action of metal 
sulfide upon ethylene chloride. The reason therefore was found to lie in 
the much greater reactivity towards these metal sulfides possessed by the 
mustard gas itself than by ethylene chloride. 

To Mr. F. W. Sullivan, Jr., and Mr. F. H. Kranz the writer wishes to 
express his great obligation for their able assistance in the course of the 
work described in this paper. 

Ami Aiki, Mica. 
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THE COMPOSITION AND CALORIFIC VALUE OF SIRUPS AND 
MOLASSES DERIVED FROM SUGAR CANE. 

By C. A. Browns. 

Received June 25, 1919 

Very accurate data are available as to the calorific value of the sucrose 
and invert sugar in sirups, but very little information is obtainable re¬ 
garding the actual combustion units of the organic non-sugars which make 
up usually from 4 to 18% of the dry substance in the sirups and molasses 
derived from the sugar cane. It was to gain more knowledge upon the 
latter subject that the present investigation was begun. 

Changes in Constituents of Juice during Sirup Manufacture. 

The organic non-sugars in the sirups and molasses derived from the 
sugar cane consist partly of products derived from the juice of the sugar 
cane and partly of decomposition products formed during manufacture. 
In order to arrive at some understanding of the nature of these substances 
a brief reference must be made to the changes produced in the constituents 
of cane juice by the processes of clarification, filtration and evaporation. 

In Table I a comparison is given of the approximate composition* of 
sugar cane juice and of low grade cane molasses. 

Table I —Composition op Sugar Cans Juice and Molasses. 


Juice. Molasses 

%. % 

Water. 83 00 20.00 

Sucrose. 15.00 30 00 

Invert sugar. 080 30.00 

Ash. o 45 8.00 

Proteins. 0.05 

Nucleins. 0.03 

Proteoses. o 01 o. 10 

Nitrogenous bases (guanine, etc ). Trace o 40 

Amids (asparagine, glutamine, etc.). 0.05 0.50 

Amino adds (aspartic, etc.). 0.12 1.50 

Other organic adds (aconitic, etc.). o 10 i.jo 

Gums and pectins. o 10 2.00 

Fiber par-tides. 012 

Fat and wax. 0.10 

Earthy matter. 0.06 

Chlorophyll, etc. o.or 


_ . , / lactic add, saccharinic acid, 

Decomposition products j glydai c add’caramel, etc. .. 6 00 

100.00 100.00 

* According to results given in Butt. 91 (1907) of the Louisiana Sugar Experiment 
Sutton. 

’The term ‘'glycuiic" or "gludnic add” was first introduced by Peligot to de¬ 
scribe one of the unstable add decomposition products formed by heating glucose with 
alkalies. See Lippmann's Chetnit der Zuckerartcn, 1, 330-1. 
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la the clarifying operations of liming, heating and filtering a consider¬ 
able change is effected in the composition and distribution of the juke 
ingredients. The suspended impurities, removed from the cane in mill¬ 
ing, such as fiber particles, fat and wax, dirt, chlorophyll, etc., are pre¬ 
cipitated, the proteins and nucleins are coagulated, and a part of the 
gums and ash constituents are removed. But with the elimination of 
these ingredients a new class of degradation and decomposition products 
enters into solution. By the action of lime and heat a part of the nucleins 
are decomposed into nitrogenous bases, or purins, and variable amounts 
of the reducing sugars are destroyed with the formation of soluble salts 
of lactic, saccharinic, glytinic and other acids. A certain amount erf 
sucrose also undergoes dehydration with the formation of caramel. The 
extent of these changes will vary with conditions. When an excess of 
lime is used the formation of new substances by the decomposition of 
nitrogenous ingredients and reducing sugars may proceed to such an ex¬ 
tent that their presence affects the flavor of the product, the sirup, or 
molasses, being then, as is said, lime-burnt. 

The effect of th; above-mentioned changes is shown most strikingly 
by comparing the compositions of the ash of cane juice and cane molasses. 
Table 11 gives the average distribution of some of the constituents in 
the ash of cane juice and cane molasses, according to analyses made in 
Louisiana. 1 


Table II. —Compositions op Ash op Sugar Cane Juice and Molasses. 


Ingredient, a* o*ide. 

Juice 

%- 

Molaaae*. 

%• 

Potassium (KtO). 

4554 

50.83 

Sodium (NajO). . 

0.44 

0.78 

Calcium (CaO). 

4.01 

7.09 

Iron (FegOt). 

0 9$ 

0.33 

Aluminum (Al,Oi). 

0 54 

O.24 

Silica (SiOj). 

6-55 

3 91 

Phosphates (P» 0 »). 

572 

3.64 

Sulfates (SOj). 

31.78 

9.91 

Carbonates (CO,). 

3 55 

II .88 

Alkalinity of ash (cc. 0,1 N add to neutralize 

1 g. of ash). 

38 

94 


While the above results do not represent juice and molasses of the sake 
^origin, the analyses are an average of the product from different kinds 
of cane and from different factories. They may be considered therefore 
as fairly typical. 

A comparison of the analyses shows about 17% less silica, phosphoric 
add and sulfuric add and about 17% more potash, soda, lime and car¬ 
bonic add in the ash of the molasses. These results, when considered in 
connection with the increase in alkalinity of the ash, show that a past 
1 Louisiana Sugar Expt. Sta., Bull, 91 (1907). 
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of the basic elements of the mineral salts in cane juice enter as a result 
of clarification into new organic combinations with add decomposition 
products, such as lactic, saccharinic and glydnic adds. In the process 
of evaporating and boiling the glydnic add undergoes a partial dehydra¬ 
tion with formation of humic arid substances of higher carbon content. 

In the manufacture of what is termed “Refiner’s Sirup” a part of the 
non-sugars in cane molasses are removed in the blow-ups and char filters. 
There is a farther decrease in the mineral sulfates and phosphates and 
also in the calcium salts of organic adds. The decrease in glydnic add 
and its decomposition products is made most apparent by the removal 
of cdor. 

Changes in Calorific Value of Juice during Sirup Manufacture. 

The calorific values of some of the constituents which may occur in 
the sirups and molasses derived from the sugar cane are given by various 


authorities as follows: 

Formula. Calories' per g 

Aconitic acid, CrHrG,,. 1 .750 

Aspartic acid, CrHiNOr. 2 900 

Asparagine, CrH«N, 0 ,. 3 444 

Lactic add, CrH.Or. ... 3.666 

Invert sugar, CrHtiOt. 3 750 

Sucrose. CiiHoOu. . 3 -955 

Saccharin, CrHioOr. . 4 055 

Gums, estimated for tCrHioOi)*. 4 100 

Humic acid, CjiHhO« ... ... . 5.880 


As regards the calorific values of the decomposition products formed 
during sirup manufacture, we may make a triple classification. (1) 
Little or no change in calorific value, as in the formation of lactic arid 
(C«H»Oi) and saccharinic add (CsHuOe) from invert sugar. (2) A de¬ 
crease in calorific value, as in the formation of invert sugar from sucrose. 
(3) An increase in calorific value, as in the formation of dehydration 
products such as caramel, saccharin, glycinic add and its humoid deriva¬ 
tives. 

In the manufacture of sirup, the inversion of sucrose produced by con¬ 
centrating sugar cane juice in acid solution, would tend, therefore, to 
diminish the heat units of the organic solids, while the formation of dehy¬ 
dration products by concentrating this juice in alkaline solution would 
tend to increase the heat units of these solids. As regards the organic 
non-sugars alone the operations of the sirup house and sugar factory 
would tend on theoretical grounds to cause an increase in their calorific 
value. On the other hand, the filtration of cane molasses over bone Mack 

1 The calorie used in this paper is the greater or kilogram calorie, * e , the amount 
of teat required to raise the temperature of one kilogram of water one degree 
centigrade. 
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might produce a variable result according to the selective action of the 
char upon the non-sugars of lower calorific value, such as acottitic and 
aspartic adds, and upon those of higher calorific value such as glydnic 
add and its dehydration products. The latter being in excess in ordinary 
cane molasses, filtration over animal charcoal would tend to eliminate 
more salts of glycinic add than of aspartic or aconitic add. These gen¬ 
eral deductions have been in large part confirmed by the following prac¬ 
tical tests. 

Experimental Part. 

The following 8 samples were selected for comparison as to composi¬ 
tion and calorific value: 

1. A sample of the clear mother liquor from pure concentrated sugar cane juice. 
The cane juice was concentrated by simple evaporation, without the addition of lime 
or other chemicals, by Dr. F. W. Zerban at the Louisiana Sugar Experiment Station. 
After as much of the sucrose as possible bad been crystallized from the sirup, the mother 
liquor was removed by decanting and filtering. 

2. A sample of open-kettle molasses manufactured by Aurelien Sunoneaux at 
Church Plantation, Plattenville, La. The expressed cane juice was treated with 
sulfur dioxide, limed, heated, allowed to settle and the clear juice concentrated in an 
open kettle heated by steam coils. The massecuite, after crystallizing in a cooler, 
was drained in hogsheads; the drippings constituted the molasses, from which the 
sample was taken 

3 A sample of first Cuban molasses, supplied by Dr G. L. Spencer from Central 
Tinguaro, Cuba. The juice, from which the molasses came, was clarified with lime by 
the ordinary defecation process. 

4 A sample of Refiners Sirup made by the Franklin Sugar Refining Company 
in Philadelphia, Pa. 

5 A sample of Refiners Sirup made by the American Sugar Refining Company 
in Boston, Mass. 

6 . A sample of Refiners Sirup made by the Amer can Sugar Refining Company in 
Jersey City, N. J. 

7. A sample of Refiners Sirup made by the National Sugar Refining Company in 
Yonkers, N. Y. 

8 . A sample of Refiners low grade Molasses (black strap) made by the National 
Sugar Refining Company in Yonkers, N. Y. 

Table III. 

Analyses of the S Samples of Sirups and Molasses. 


Sample I 2 . 3. 4 . 5. 6. 7. 8. 

Water . 29 64 a8 16 24 91 17 83 16.77 17-30 18 51 19.60 

Invert sugar. 13.93 14 28 12.84 2972 33.18 31.19 26.76 22.53 

Sucrose. 49 86 St -93 4 s -«3 36.12 38.00 37 57 41.58 37*7 

Ash. 3,60 2.30 4 82 5 3° 4-46 3-97 4-04 6.s3 

Undetermined organic 

matter...,. 2.97 3.14 9.30 11.01 7.59 7.97 9,11 13.47 


Total . 100.00 100.00 loo.oo 100.00 100.00 100.00 100.00 100.00 

Alkalinity of ash, cc. 

0.1 Nadd to neutra¬ 
lize 1 g. of ash.. 31.2 92.9 64.2 81.3 77.0 102.2 123.4 *>6.2 
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In the above analyses inter was determined by evaporating about 
j g. of the carefully weigb&i product in a glass-stoppered weighing bottle 
in a vacuum oven at a^^femperature not exceeding 70°. The drying was 
c o n ti n ued until constancy in weight was secured. The vacuum caused 
the Substance to foaih up in drying and the residue consisted of a porous, 
friable, hygroscopic mass. It was sealed and set aside for determination 
of the Calories. 

Invert sugar was determined by the customary gravimetric method of 
“copper reduction 

Sucrose was determined by the Clerget method of double polarization 
and also from the increase in copper reducing power after inversion. 
The average of the results by the two methods was the value taken 

Ash was determined by first carbonizing the product in a platinum dish 
at low heat. The residue was then ground and extracted with distilled 
water on an ashless filter. The carbonaceous residue was then incinerated 
in the platinum dish until a white ash was obtained, the aqueous extract 
of soluble ash was then added, the whole evaporated to dryness, heated 
to dull redness, cooled and weighed The alkalinity of the ash was de¬ 
termined in the usual way by titrating with 01 N sulfuric arid. 

Since the determinations of Calories were made upon the dry solids, 
the results of Table III were recalculated to a moisture-free basis 

Tabus IV 


Sample 
Invert sugar 
Sucrose 
Ash 

Undetermined 

matter 

Total 


Percentages Calculated to a Moisture-free Basis 

iris 5 s 7 s 
19 80 19 88 17 10 36 18 39 86 37 71 3a 84 18 oa 

70 86 27 64 10 43 97 45 66 45 43 Ji oa 47 10 

5 12 3 48 6 42 6 4J 5 36 7 22 4 96 8 13 

organic 

4 23 4 37 1* 3* >3 40 9 12 9 64 u 18 16 76 

zoo 00 zoo 00 zoo 00 100 00 100 00 zoo 00 100 00 TOO 00 


Determinations of the Calories per gram of the moisture-free solids in 
the above 8 samples were performed by J. A. Fries of the Pennsylvania 
State College, with the following results ■ 

Sm-P 1 * 1 2 3 4 5 6 7 * 

Cutanea per g of solids 3 66 r 3 765 3 726 3 640 3 675 3 600 3 715 3 683 

The results show that the dry matter of sirups and molasses derived 
from the sugar cane has a heat value ranging from 3 6 to 3.8 Calories 


The calorific equivalents of the invert sugar and sucrose in the mois¬ 
ture-free solids of the 8 samples, as calculated from the results of Table 
IV are as follows • 


Sample 

Invert sugar. 

Sucrose.... 

Cal*, of sugars per g. of solid? .. 


! 2 7 4 5 g 7 | 

O 743 O 746 o S41 I 337 T 493 I 4»4 1333 I 0*1 

2 803 3 858 3 535 1 739 1.805 1 797 3 018 1 863 

3 546 3 -fiU 4 3 - 17 ® 3 - 09 ® 3 3 °° 3 *u 3.350 3.914 
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The Calories due to the undetermined organic matter, found by sub¬ 
tracting the Calories of the sugars from the total Calories per g. of solids, 
are as follows: 

Simple. 1. 2. 3. 4. 5. 6. ?. S. 

Call, of undetermined organic 

matter per g. of solids . 0.115 o 161 0.350 0.544 ° 375 0.3R9 0.465 0.771 

From the above figures and the percentages of undetermined organic 
matter in Table IV, the Calories per g. of undetermined organic matter 
were computed to be as follows: 

Sample I. 2. 3. 4. 3. 6. 7. 1. 

Cats per g. of undetermined 

organic matter. 2 725 3.684 4 443 4 060 4 112 4 035 4 159 4.600 

The calorific value of the undetermined organic matter in the various 
products is lowest in sugar cane juice (Sample i) and highest in the residual 
molasses (Samples 3 and 8). In the open kettle molasses (Sample 2), 
made by acid clarification f with sulfur dioxide, the destructive action of 
lime is less apparent than in those products where lime had been used in 
greater excess. Comparing the sirups which had passed over bone black 
(Samples 4, 5, 6 and 7), with the two residual molasses the removed of 
dehydration products is indicated not only by the lighter color but by 
the lower calorific value of the organic non-sugars. 

The calorific values of the undetermined organic matter, as above cal¬ 
culated, are no doubt a little too low in all cases, owing to the retention 
of water of crystallization by some of the organic and inorganic constit¬ 
uents in drying at 70 °. Such a retention would not only lower the Calories 
of the solids but would make the percentages of undetermined organic 
matter too high. Unfortunately, no means could be found for estimating 
the water of crystallization retained by the vacuum-dried solids of sirups 
and molasses, as elevating the temperature much above 70 0 caused some 
of the organic matter to decompose. As an additional check, therefore, 
upon the accuracy of the work a comparison of 6 of the samples was made 
upon the basis of carbon content. 

The carbon content of the organic constituents of the sirups derived 
from the sugar cane varies from about 36% in the case of aspartic acid 
to 60% or more in the case of humoid decomposition products. The 
following is a classification of some of these constituents: 


Aspartic add, ChHjNO,. 36 10 

Asparagine. C«H*N»0,... 36.36 

Invert sugar, C*HaO,. 40.00 

Aconitic acid, CJrhO». 41.38 

Sucrose, C»HaOu.. 42 ,10 

Gums, (CtHt«Ot)«. 44.44 

Glydak add, CuH.iO,. 47.06 

Caramdas, CaHuO*... 47.06 

Humic add, Ci«HuOi . 66.a6 
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If the conclusions arrived at from comparing the calorific units are 
correct, then the accumulation of gums, caramel, glydnic add and its 
bumoid decomposition products in low grade molasses should cause the 
carbon content of the non-sugars in such molasses to be higher than it is 
in sirups made by sulfitation or by filtration over bone black. This was 
confirmed by the following determinations of carbon which were made 
by J. A. Fries upon the dried residues used for the determination of Calories: 

Sample 1 - ' ® 

Total carbon in solids, % 38 945 40 118 39 790 58 159 39 394 39 2 49 

The percentages of carbon due to the invert sugar and sucrose in the 
moisture-free solids of the above 6 samples, as calculated from the results 
of Table IV, are as follows 

Sample. 1 2 16 7 8 

Carbon in invert sugar, % 7 9 2 ° 7 950 6 840 15 084 13 136 11 ao8 

Carbon in sucrose, % . 29 832 30 426 26 986 19 126 21 479 *9 

Carbon in sugars, % 37 752 38 376 33 826 34 210 34 615 31 037 

The percentages of carbon in the undetermined organic matter, found 

by subtracting the carbon in the sugars from the total carbon m the solids, 
are as follows 

Sample I 2 3 <> 7 B 

Carbon in organic non-sugars, % i 193 I 762 5 9<>4 3 949 4 779 8 212 

From the above figures and the percentages of organic non-sugars in 
Table IV, the percentages of carbon in the organic non-sugars are com¬ 
puted to be: 

Sample 1 J 1 6 7 8 

Carbon in organic non-sugars, % 28 27 40 32 48 17 40 97 42 74 49 00 

The percentages of carbon in the organic non-sugars are thus seen to 
present the same relative order as that of the calories, being lowest in 
the cane juice and highest in the refinery molasses The effect of bone 
black filtration in removing dehydration products of high carbon content 
is shown by comparing the low carbon percentages of Samples 6 and 7 
with the high percentages of 3 and 8. 

The percentages of carbon in the organic non-sugars as above estimated 
are probably in all cases too low owing to the retention of water of crys¬ 
tallization in the dried solids, as previously explained. 

Conclusions. 

In the manufacture of sirups and molasses from the juice of the sugar 
cane by the ordinary process of defecation with lime there is a progressive 
increase in the calorific value and carbon content of the organic non¬ 
sugars, owing to the formation of dehydration products such as caramel, 
glydnic add and its humoid derivatives. 

lit the filtration of sirups and molasses over bone black there is a con- 
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siderabie removal of the lime salts of glydnic acid, the result bang a 
lightening in color and a decrease in the calorific value and carbon ooo- 
tent of the organic non-sugars. 

In the manufacture of open kettle molasses by the sulfitaticm process, 
the formation of dehydration products is less pronounced than is the 
case by the defecation process, the result being a molasses of lighter color 
and with a lower calorific value and carbon content of the organic non- 
sugars. 

The calorific value of the total solids in the sirups and molasses derived 
from the sugar cane was found to vary between 3.6 and 3.8 cals, per g. 
of dry substance, the average value being about 3.7 cals. 

The calorific value of the organic matter in high-grade open-kettle 
sulfitation molasses and of high-grade refinery sirups was found to be 
about 3.9 Cals, per g. of dry organic substance. 

The calorific value of th# organic matter in sugar house defecation 
molasses and in refinery molasses was found to be about 4.0 Cals, per g. 
of dry organic substance. 

The calorific value of the organic non-sugars in refinery sirups was found 
to vary between 4.04 and 4 16 Cals, per g. of dry substance. 

The calorific value of the organic non-sugars in sugar house and refinery 
molasses was found to be 4 44 and 4.60 Cals., respectively, per g. of dry 
substance. 

The carbon content of the total solids in the sirups and molasses de¬ 
rived from the sugar cane was found to vary between 38 and 40%, the 
average being about 39.5%. 

The carbon content of the organic non-sugars in open-kettle and re¬ 
finery sirups was found to vary between 40.32 and 42.74%. 

The carbon content of the organic non-sugars in a sugar-house and re¬ 
finery molasses was found to be 48.17 and 49.00%, respectively. 

Finally, it may be noted that the results of this work have a certain 
bearing upon questions of nomenclature. It has been held by some that 
refinery sirups being a by-product of sugar manufacture should be termed 
molasses. But refinery sirups which have been filtered over bone black 
differ from defecation molasses so distinctly in the composition and 
calorific value of their organic non-sugars that in a chemical sense they 
cannot be grouped with such molasses. 

In conclusion, the author desires to express his indebtedness to Mr. 
G. R. Bunker, of the National Sugar Refining Company, to Mr. H. E- 
Niese, of the American Sugar Refining Company, to Dr. G. L. Spencer, of 
the Cuban American Sugar Company, and to Dr. F. W. Zerbaa, of the 
Louisiana Experiment Station for furnishing him with samples of prod¬ 
ucts. He is also under obligation to Mr. J, A. Fries, of the Pennsylvania 
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State College, and to his assistants, Mr. C. A Gamble and Mr. G. H. 
Hardin, for help in the analytical work. 

N*w Yuxx City 


'{CoMTMBtnncw from the Laboratories of ran Roceepbllbr Institute for 
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THE ISOMERIC HYDROXYPHENYLARSONIC ACIDS AND THE 
DIRECT ARSENATION OF PHENOL. 

< • By Walter A. Jacobs and Michael Hsidelbseglr. 

' Received June 30, 1919 

The present study of the action of arsenic add upon phenol has demon- 
seated that this reaction is more complicated than has been heretofore 
assumed. As we shall set forth below, not only is p-hydroxyphenyl- 
arsonic add formed in the reaction, but several other related substances 
as well. 

Ehrlich and Bertheim, 1 in establishing the nature of the substance 
now known as arsanilic add or p-amino-phenylarsonic add (I), obtained 
by heating aniline with arsenic add, drew the analogy between tliis sub¬ 
stance and sulfanilic add, obtained by a parallel method. As far as has 
been determined in these reactions, the substituent enters only the posi¬ 
tion para to the amino group It was then found that the method of 
direct arsenation was capable of extension to other simple aromatic 
amines with a free para position. Only in the case of a few para-sub¬ 
stituted arylamines was it possible to force the arsonic acid into the 
ortho position and then only with great difficulty as evidenced by the very 
poor yields. 

Benda,* and independently, Pyman and Reynolds’ later found that this 
reaction did not stop at the formation of the primary arsonic add but 
thht this condensed further to an appredable extent with a second mole¬ 
cule of the amine to form the secondary arsonic add (II) in which the 
arsonic add residue again entered the para position in the second aryl- 
amine nudeus. 



The; method of direct arsenation has also been extended to indude the 
simpler phenols. According to the method outlined in D, R. P. 205616, 
, }Btr., 4^3292 (1907). 
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in which phenol, 0- and m-cresol are heated with arsenic acid, substances 
are obtained in which the arsonic add residue enters the position para 
to the phenolic group. Further than this the patent does not go; and, 
as far as we are aware, more recent work has applied the reaction only to 
the arsenation of resorcin and its monomethyl ether. 1 From previous 
work, therefore, it would seem that the arsenation of phenolic compounds 
parallels that of the amines in that only p-hydroxy-arsonic adds have thus 
far been isolated. 

In connection with the preparation of p-hydroxy-phenylarsonic add 
essentially according to the method outlined in D. R. P. 205616 we have 
had the opportunity of studying this reaction more fully. After isolating 
the para add as the sodium salt, we were struck by the amount of ma¬ 
terial contained in the mother liquors which showed all the reactions of 
an aromatic arsonic add and which obviously contained but relatively 
negligible amounts of the p-hydroxy add. Furthermore, this mother 
liquor yidded an intense wine red color with ferric chloride solution, 
whereas p-hydroxy-phenylarsonic add gives no such color test. It there¬ 
fore seemed likely that we were dealing with isomeric hydroxy com¬ 
pounds which were also products of the reaction. Just as the arseuatiou 
of aniline has been compared with the sulfonation of this base, it seemed 
also logical to compare the arsenation of phenol with the sulfonation of 
this compound. As is wdl known, depending upon the conditions of 
sulfonation, varying proportions of both o- and p-phenolsulfonic adds 
may be obtained. 

Accordingly, in order to learn the properties of both o- and i«-hydroxy- 
pbenylarsonic adds (HI) and (IV), neither of which had hitherto been 
described, we prepared these compounds by diazotization of 0- and >n-arsan- 
ilic adds. Whereas phenol-»i-arsonic add resembled the para compound 
in giving no color test with ferric chloride, the phenol-o-arsonic add gave 
the identical wine-red color observed with the mother liquors from phenol- 
p-arsonic add. 

AsOjH, AsiOiH, 

cr a. 

, (Hip (IV). 

It was then found possible to isolate a basic barium salt from these 
mother liquors, which yielded a free add identical with the hydrxay- 
compound obtained from e-arsanilic add. The amount of this substance 
isolated was approximately '/? of the yield of p-hydroxy-phenylarsonic 
add. We hope by varying the conditions of the arsenation to determine 
* Bauer, Brr., 48, 509 (1915). 
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whether or not the small yield is due to the migration of the arsonic add 
residue from the o- to the ^-position at the elevated temperature em¬ 
ployed, a process which has been shown to occur in the sulfonation of 
phenol. We have not succeeded in isolating a nteta add from the mother 
liquors and it seens hardly likely on theoretical grounds that one should 
be farmed in the arsenation of phenol. 

A comparison of the solubilities of the 3 phenolarsonic adds with those 
of the isomeric arsanilic acids proved interesting. Whereas in the latter 
series the ortho add is most soluble and the meia compound the least solu¬ 
ble, with the former compounds the o-hydroxy add unexpectedly 
proved to be the least soluble of the three. Thus it can be readily recrys¬ 
tallized from water without serious loss. There is little difference, on 
the other hand, between the solubilities of the »i- and p-phenolarsonie 
acids. 

We are continuing the study of the 0- and m -hydroxy-phenylarsonic 
adds and their reduction products, nitro derivatives, etc. 

On careful addification of the mother liquor from the barium salt of 
the phenol o arsonic add we were able to isolate two other substances, 
both of which gave analytical figures for the secondary dihydroxy-diphenyl- 
arsonic adds. These substances differed from one another in melting 
points and in the fact that in aqueous suspension one gave no color with 
ferric chloride solution, while the other, lower-melting substance, ex¬ 
hibited the same pronounced wine-red color so characteristic of phenol-o- 
arsonic add. The higher melting acid possessed the same melting point 
as the p.p'-dihydroxy-diphenylarsonic add (V), obtained according to 
Benda 1 by diazotization of p,p‘- diamino-diphenylarsonic add, and 



(V) 

agreed in other properties with this substance. We therefore conclude 
that our first substance is identical with Benda’s compound. 

The color reaction exhibited by our second substance indicates that it 
is a secondary o-hydroxy-arsonic acid. There are two substances which 
might possibly be formed in the arsenation of phenol and exhibit the 
properties of the isolated compound; o,o'-dihydroxy-diphenylarsonic add 
(VI), and o.^'-dihydroxy-diphenylarsonic add (VII). 

1 Loc . tit . 
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O OH O OH 



(VI). fVII). 


Since the secondary arsonic acids no doubt arise from the reaction of a 
second molecule of phenol with the primary hydroxy-arsonic acids already 
formed, it is evident that VII could be formed in two ways: by the elimina- 
tion of water between c-hydroxy-phenylarsonic acid and the para hydro¬ 
gen atom of a second phenol molecule, or bv the condensation of p- 
hydroxy-phenylarsonic acid with the on ho hydrogen of a second phenol 
molecule. VI, on the other hand, can only be formed from c-hydroxy- 
phenylarsonic acid which is present only in minor amounts. Therefore, since 
the yield of our second substance was approximately equal to that of the 
p,p' compound recovered, we are inclined to consider Formula VII as 
the more probable. We are at present attempting to establish the struc¬ 
ture of the compound by other means. It also seems very' likely that 
smaller amounts of VI are formed in the reaction and we are continuing 
the search for this substance. 

The formation of the secondary acids extends the analogy to the sul- 
fonation of phenol, since among the products of the latter is found diby- 
droxv-diphenylsulfone, and is likewise similar to the production of p,p‘- 
diamino-diphenylarsonie add iu the arsenation of aniline. The formation 
of tertiary arsinoxides is likewise suggested, and we shall turn our atten¬ 
tion to the. possibility of isolating these among the products of the reac¬ 
tion. We shall also extend the study to the arsenation of other phenolic 
compounds, since similar products should result in the arsenation of the 
cresols, etc. 

Finally, after the present work had long been under way, an article ap¬ 
peared by Conant 1 on the arsenation of phenol for the preparation of 
p-hydroxy-phenylarsonic acid. It will he seen that the conditions em¬ 
ployed by us for the interaction of phenol and arsenic add, with a few 
exceptions, are similar to those used by him and to those outlined in 
D. P. 205616, which, however, specifies ‘ crystalline arsenic add.” 
However, it is entirely unnecessary in working up the melt to be satis¬ 
fied with an impure sodium salt such as is isolated by Conant's method. 
As will be found in the experimental part of the present communication, 
and as has already been daimed by Kay,- it is a simple matter to obtain 
satisfactory yields of pure sodium f-hydroxy -phenylarsonate uncon- 

1 This JtanuiiAi,, 41, 431 (1919) 

* Rnt pot. tij 3 j ( 1915 ). 
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taminated by other salts or by tarry by-products. As a matter of fact, 
the amount of tar formed in the method we have used is practically negligi¬ 
ble and occasioned no difficulty. We are convinced that the direct arsena- 
tion of phenol is by far the simplest and most economical method for the 
preparation of this substance, so important in the manufacture of ars- 
phen amine. 

EXPERIMENTAL. 

(A) o- and m-Hydroxy-phenylarsoaic Acids. 
o-Hydrory-phenylarsonic Acids.—This substance was isolated in the 
direct arsenation of phenol as described in Section B, and in order to 
prove its structure it was also synthesized directly from o-arsanilic add. 1 

ii g. of o-arsanilic add were dissolved in ioo cc. of N hydrochloric add, 
chilled, and diazotized with 50 cc. of N sodium nitnte solution. On stand¬ 
ing at room temperature a steady, copious evolution of nitrogen occurred 
which was completed after an hour by gentle heating. The mixture was 
boiled with bone black, and the colorless filtrate treated with 50 cc. of N 
sodium hydroxide solution. On concentrating on the water bath the new 
hydroxy-phenylarsonic add separated as a crust of long, stout needles. A 
few drops of dil. hydrochloric acid were added on cooling to insure proper 
aridity and the add was filtered off and washed with ice water. The 
yield was 9.5 g. The acid*is very easily soluble in hot water and forms 
supersaturated solutions on cooling, which rapidly crystallize when 
rubbed, yielding a mass of rosets of minute, colorless needles. When 
crystallization occurs slowly, as on concentrating its aqueous solutions, 
the add separates as crusts of long, lustrous needles. Contrary to its 
p-isomer, it is rather sparingly soluble in cold water. The solubility re¬ 
lationships, therefore do not parallel those found in the comparison of 
o- and p-arsanilic adds, the latter being by far the less soluble. 

o-Hydroxy-phenylarsonic add is readily distinguished from the para 
compound by the color which it gives with ferric chloride sedation. 
Whereas the p-isomer gives no color with this reagent even very dilute solu¬ 
tions of the ortho add give a pronounced wine-red color. m-Hydroxy- 
phenylarsonic add, described below, resembles the para compound 
in giving no color with ferric chloride, so that this reaction may there¬ 
fore be used to distinguish the ortho add from its isomers. 

When rapidly heated to 185°, then slowly, o-hydrory-phenylarscmic 
add begins to soften at 185°, but is not completely melted until 196° is 
reached, then forming a liquid filled with bubbles. It is soluble in methyl 
or ethyl alcohol and but sparingly so in hot acetone or chloroform. Al¬ 
though difficultly soluble in gladal acetic add, it dissolves readily on 
boiling. In alkaline solution, it couples readily with diazotized sulf anilic 
add, yidding a bright orange solution. It is readily precipitated from 
1 This Journal, 40 , 1483 ( 1918 ). 
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concentrated solutions of its salts by hydrochloric acid, but redissolves 
on adding an excess. Acetic acid does not readily displace it from its 
salts. 

Subs., 0.3273 WgjAsjO;, 0.2298. 

Calc, for CnHiOtAs- As, 34.36. Found- 33.87. 

Sodium Salt. —A suspension of the add in a small amount of hot water 
■was neutralized to litmus with strong sodium hydroxide solution and then 
treated with an equal volume of alcohol. The sodium salt, which separated 
on rubbing, was recrystallized from 50% alcohol, separating on standing 
in the cold as glistening, hexagonal platelets which contain 4 molecules 
of water of crystallization when air-dry. The salt is readily soluble in 
water and gives no immediate predpitates with caldum or barium salts 
. but in the latter case, on rendering alkaline to phenolphthalein, what is 
probably a basic barium salt separates as rosels of colorless, microscopic 
needles. The heavy metals cause immediate floeculent predpitates. 
Subs , air-dry, o 7476 loss, o 1713 tn vacuo at 100° over HjSO< 

Calc, for CiH'OiAsNa^HiO. HjO, 23 07. Found 22 92 
Subs , anhydrous, o 2846 MgiAs,Oj, 0.1820. 

Calc for C^HjOtAsNa. As, 31.20. Found 3087 

tn -Hydroxy-phenylarsonic Acid.—This substance was prepared as 
follows from m-arsanilic add. 1 n g. of m-arsanilic add were dissolved 
in too cc. of 10% sulfuric add, chilled and diazotized with a solution of 
3.6 g. of sodium nitrite. The solution was diluted to 250 cc. and wanned 
to 60 °, when a steady evolution of nitrogen occurred When this had 
ceased, the sulfuric add was completely removed with barium hydroxide 
solution. The filtrate was addified with acetic add, heated, and then 
treated with lead acetate solution as long as a predpitate formed. The 
lead salt separated at first in amorphous form, but rapidly changed to ag¬ 
gregates of microscopic platelets. After filtering off and washing, it was 
shaken with an excess of 10% sulfuric add until completely decomposed. 
The filtrate from the lead sulfate was in turn treated with barium hy¬ 
droxide solution until a test portion no longer showed the presence of dis¬ 
solved barium and sulfate ions. The mixture was then treated with bone 
black and the clear, colorless filtrate boiled almost to dryness. The oily 
residue quickly crystallized on rubbing, giving 8 g. of the new arsenic add. 
Recrystallized from a small volume of water and chilled to o°, it separated 
as aggregates of rhombic crystals which melt slowly from 159 0 to 173°. 
It is readily soluble at room temperature in water, methyl and ethyl alco¬ 
hols, and in boiling acetic add. It is also somewhat soluble in hot ace¬ 
tone but practically insoluble in chloroform or benzene. It gives no 
color with ferric chloride solution and couples readily in alkaline solu¬ 
tion with diazotized sulfanilic add, giving a bright mange color. 

* Tats Jocknal, 40, 1583 (1918). 
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Subs., 0.3045: MgjAsjOi, 0.2135. 

Calc, for C t H ; 0 < As: As, 34.36. Pound: 33-84- 
Sodium Salt.—A suspension of the add in a very small amount of hot 
water was neutralized to litmus with sodium hydroxide solution. Since 
the salt could not be obtained by the addition of alcohol, it was allowed to 
evaporate and when almost dry, gradually crystallized in rosets of flat 
needles. It was too soluble to be recrystallized and acetone predpitated 
the concentrated aqueous solution as a pasty mass. For analysis this 
was dried ir vacuo at ioo° over sulfuric add. 

Subs., 0.2854: MgiAsjOi, 0.1833. 

Calc, for C«H,O t AsN T a.: As, 31.20. Found. 31.00. 

A solution of the salt gives no predpitates with barium or caldum salts 
but insoluble predpitates with those of the heavy metals. 

(B) The Arsenation of Phenol. 

/j-Hydroxy-phenylarsonic Acid.—480 g. of 80% aqueous arsenic add 
were boiled in an open flask, allowing the water to escape until the tempera¬ 
ture reached 150°. Then 200 g. of molten phenol were poured in at once 
and an air condenser attached, the flask being then placed in an oil bath, 
the temperature of which was maintained at 155-60°. The contents of 
the flask boiled, rendering mechanical stirring unnecessary, and beating 
was continued for 7 hours. The air condenser acts as an efficient reflux 
avoiding undue loss of phenol. At the end the somewhat dark-colored 
liquid, which at first consisted of two layers, was homogeneous. It was 
diluted with about 2 liters of water, whereupon a small amount of tar 
predpitated, and, without filtering, a strong, hot solution of barium hy¬ 
droxide was then added with vigorous stirring until the solution became 
just neutral to litmus, the unchanged arsenic add bdng completely re¬ 
moved as the barium salt, which also effidently collects the small amount 
of tar. It is important to avoid an unnecessary excess of barium hy¬ 
droxide, since if the reaction becomes too strongly alkaline, the hydroxy- 
phenylarsonic adds may also be predpitated. The clear, almost color¬ 
less filtrate from the copious barium arsenate predpitate was then treated 
with just enough sulfuric add to remove the dissolved barium, a prelim¬ 
inary heating greatly fadlitating the subsequent filtration of the barium 
sulfate. The predpitation is easily followed during the addition of the 
sulfuric add by tests with filtered samples, and it is a simple matter to 
strike the point at which the filtrate no longer gives a test for either bari um 
or sulfuric ion. 

The filtrate was next concentrated to about a liter, preferably in vacuo, 
and the w neutralized to litmus with sodium hydroxide. The solution of 
the salts was then concentrated further to small bulk, whereupon a partial 
crystallization of sodium p-hydroxy-phenylarsonate occurred. The mix¬ 
ture was heated until this was redissolved, a very small amount of water 
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added if necessary; and then treated while stilt hot with several volumes 
of alcohol until a slight permanent turbidity was reached. On rubbing, 
the sodium salt quickly crystallized out, and after several hours of thorough 
chilling it was filtered off and washed with 85% alcohol. The yield aver¬ 
ages about 120 g. and the colorless product so obtained is a practically 
pure sodium p-hydroxy-phenylarsonate giving no test for arsenate or 
sulfate ion and no color with ferric chloride solution. Hence it is seen 
that contamination with sodium sulfate, as occurs in Conant’s method, 1 
is an unnecessary complication. 

Subs , air-dry, 0.6264 loss, 00781 in vacuo at 80 0 over HjSO, 

Calc for C«H, 0 ,AsNa 2H,() H.O, 13.04. Found 1246 
Subs , anhydrous, o 2637 MgiAsrO,, o 1708. 

Calc for C«HeO.AsNn As, ji 20 Found 3126 

If it is desired to isolate the free p-hydroxy-phenvlarsonic acid, the fil¬ 
trate from the barium sulfate is concentrated tn vacuo without the addi¬ 
tion of sodium hydroxide, a thick syrup of a mixture of free arsonic acids 
being obtained. On dissolving this in several volumes of hot glacial acetic 
acid, a faintly colored solution is obtained which gradually sets to a thick 
paste of colorless crystals of f-hydroxy-phenvlarsonic acid on chilling 
and rubbing. After standing 24 hours in the refrigerator it is filtered off 
and washed with small portions of cold glacial acetic acid The yield 
of the arsonic acid, which melts at 170-3 0 with preliminary softening, 
averages 40 grams. 

Subs , o 2573 MRjAstO-, o 1850 

Calc for C«H: 0 <As As, 34 36 Found 34 70 

Isolation of the substance as the sodium salt as first described is there¬ 
fore preferable from the standpoint of yield We have nothing to add 
to the properties of the acid and its sodium salt as already recorded in 
the literature. 

o-Hydrory-phenylarsonic Acid.—The alcoholic mother liquor from 
the sodium salt of p-hvdroxy-phenylarsonic acid was concentrated to re¬ 
move the alcohol and then diluted to about 750 ce. with water. A few 
drops of this solution gave the intense wine-red color characteristic of 
<?-hydroxy- phenylarsonie acid on treating with a drop of ferric chloride 
solution. The solution was treated with aqueous sodium hydroxide 
until strongly alkaline to phenolphthalein, and then with an excess of 
concdbtrated barium chloride solution. The barium salt of a-hydroxy- 
phenylarsonic add separated as a heavy powder on rubbing, and an ad¬ 
ditional small quantity was obtained by heating the filtrate from this to 
boiling. The combined fractions of the salt were suspended in water 
and treated with dil. sulfuric add in slight excess and then the excess 
of sulfuric add predpitated by the addition of just enough barium by- 
' hoc. dt. 
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droxide solution so that the filjxate contained neither barium nor sulfate 
ions. The colorless filtrate was concentrated on the water bath to crys¬ 
tallization, the o-hydroxy-phenylarsonic add separating as a character¬ 
istic crust of long, lustrous needles. After thorough chilling, it was fil¬ 
tered off and dried. The yield was 14 g Recrystallized from hot water 
it formed flat, colorless needles which gave a wine-red color with ferric 
chloride solution, and proved identical m all respects with the substance 
obtained from o-arsanilic acid as described above A mixture of the sub¬ 
stances obtained by both methods showed no alteration in the melting 
point. 

Subs , o 3279 Mg.As.O,, 02310 

Calc for C«H»0,A5 As, 34 36 Found 34 00 

For further identification, it was converted into the sodium salt, which 
separated from 50% alcohol as hexagonal, microscopic platelets contain¬ 
ing 4 molecules of water of crystallization, just as m the case of the salt 
prepared from the sample synthesized from o arsanilic acid 
Subs, o 6372 loss, o 1475 ca cuo at 100“ over HiSO» 

Calc, for C*H«0 4 As.Na 4TLO HiO. 23 07 Found 2315 
Subs, anhydrous o 2508 MgiAsjO,, o 1635 
Calc, for CiH«0,AsNa As, 31 20 Found 31 48. 

'-Dihydroxy-diphenylarsonic Acid.—The mother liquor from the 
barium salt of o-hydroxy-phenylarsomc acid was treated with hydro¬ 
chloric add until only faintly alkaline and then concentrated to about 
one liter. The chilled solution was then further treated with 1 1 hydro¬ 

chloric add, causing the separation of an oily precipitate which partly 
dissolved on further addition of the add until definitely add to Congo 
red. On rubbing, crystallization slowly started, and on continued manip¬ 
ulation the oily predpitate also slowly solidified. After 4 hours’ stand¬ 
ing, the deposit was filtered off and washed with water. An aqueous sus¬ 
pension gave a wine-red color with feme chloride due to contamination 
with another secondary arsonic add to be described below On dissolv¬ 
ing in hot 50% acetic add and letting stand in the refrigerator, colorless, 
prismatic needles separated with a yield of 10 g., melting slowly with 
effervescence at 250-1 0 (uncorr) Benda 1 gives 239 0 as the melting 
point of p,p'-dihydroxy-diphenylarsonic add obtained by diazotization 
of p.p'-diamino-diphenylarsonic add. A sample of this substance pre¬ 
pared by us according to Benda also melted at 250-1 0 with effervescence, 
as did a mixture of this substance and that isolated as described above. 
Other properties were also identical. An aqueous suspension of the pure 
substance gave no color test with ferric diloride solution. It is prac ticall y 
insoluble in cold water, but dissolves appreciably on boiling and 
on cooling as short, colorless, prismatic needles. It is readily soluble is 
1 Benda, Ber., 41, 2371 (190S) 
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hot 50% or 95% alcohol or glacial acetic acid and in cold methyl alcohol, 
but very sparingly so in ether and acetone. Benzene and chloroform 
do not dissolve the substance. It is readily soluble in alkali and carbonate 
solutions and in 10% hydrochloric acid. In alkaline solution, it couples 
with diazotized sullanilic add, yielding an orange solution. There is no 
doubt that this substance is identical with that described by Benda as 
dihydroxy-diphenylarsonic add. 

Subs., o 1573 MgtAstO,, o 1348. 

Calc, for C u H u O,As As, 43.49 Found 25,30 

o,p'(?)-Dihydrozy-diphenylarsonic Add, —On standing several hours 
longer, the aqueous mother liquor from the p.p'-arsonic add gradually 
deposited heavy aggregates of stout, glistening prisms which increased 
on rubbing. After about 48 hours, these were filtered off and washed 
with water. Four g. were obtained, melting at 215-6° with effervescence 
and giving a deep wine-red color with ferric chloride solution. The mother 
liquor was treated with sodium acetate solution until neutral to Congo 
red, causing the predpitation of a small amount of resinous material. On 
standing, crystallization again started and was facilitated by rubbing. An 
additional 4 g. of material were thus obtained which also melted at 215-6° 
with effervescence and gave a deep wine-red color with ferric chloride 
solution. The combined fractions were dissolved in a small volume of 
hot 50% acetic add and separated slowly on cooling as short, stout, glis¬ 
tening prisms which melted at 215-7 0 (uncor.) to a liquid filled with bub¬ 
bles. Repeated recrystallization did not alter the melting point. A 
further small quantity of this substance was obtained on concentrating 
the 50% acetic add mother liquor obtained in tire recrystallization of 
the previously described p,p ' dihydroxy-diphenylarsonic acid and frac¬ 
tional recrystallization of the product so obtained. The compound is 
appreciably soluble in boiling water and separates on cooling as fiat, glis¬ 
tening, prismatic needles. It is somewhat soluble in 50 or 95% alcohol, 
but quite readily so on boiling. It is also soluble in hot acetic add and 
cold methyl alcohol, very sparingly in acetone and ether, and insoluble 
in benzene and chloroform. It dissolves readily in alkali and carbonate 
solutions and in 10% hydrochloric add. In alkaline solution it couples 
with diazotized sulfanilic acid to yield an orange solution. 

' Subs., 0.2308. Mg»A»»Oj, 0.1322. 

Calc, for CuHuOiAs. As, 25.49. Found: 35.43. 

The substance is readily distinguished from the p,p' isomer by the 
fact that in aqueous suspension it gives an intense wine-red color with 
ferric chloride solution, similarly to o-hydroxy-phenylarsonic add. 
We, therefore, conclude that it is either o,p '-dihydroxy-diphenylarsonic 
add or the 0,0 ' isomer. Since o-hydroxy-phenylarsonic add is now 
definitely established as a product of the arsenation of phenol, it seems 
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likely that this substance may react with a second molecule of phenol to 
form the secondary arsonic add, the arsonic residue entering the position 
para to the hydroxyl groups just as the p,p'-hydroxy compound results 
from the further alteration of p-hydroxy-phenylarsonic acid The yield 
of the add also makes it seem probable that we are dealing with the o,p’- 
dihydroxy compound rather than the o,o' add, as well as the additional 
possibility of its formation by condensation of p-hydroxy-phenylarsonic 
add with a further molecule of phenol in the o-position. It is also proba¬ 
ble that the o,o '-dihydroxy add may occur among the reaction products 
but in such small amount as to render its isolation difficult. We are at 
present attempting to establish with certainty the identity of the new 
compound by synthetic means. 

N*w York Cm, 


[Contribution from tub Laboratories of the Rock8BBu.br Institute bos 
Med-cal Research.] 

CERTAIN AMINO AND ACYLAMINO PHENOL ETHERS. 

By Michael Hbidblbergbr and Walter A. Jacobs 
R eceived July 5, 1919 

In the course of recent chemotherapeutic studies it was found necessary 
to prepare as intermediates certain aromatic amines containing hydroxy, 
niethoxy, and ethoxy groups, as well as multiples and combinations of 
these. While the monosubstituted compounds of this type have been 
adequately studied there are many gaps in the series of disubstituted 
amines containing the groups in question, as well as a number of inac¬ 
curacies in the descriptions of compounds which have already been pre¬ 
pared. In the present paper we have endeavored to fill some of these 
gaps and correct those inaccuracies which we have encountered, confining 
the discussion to certain amines and acylamino derivatives of anisole and 
phenetole and of the simpler mono- and di-ethers of pyrocatechol and 
resorcinol. 

Of primary interest are perhaps the 4 isomeric methoxy-ethoxy-anilines: 

Nil, NH, NH, NHj 

0° C& 0°“- 0oCH.-0oC„. 


M P OC»H, OCH, OC,H. OCHi 

Theban . 25-8° 22.5° 55 0 81 5-2° 

Acetam no deriv. 117 5-8 5 100 5-1 148 5-50 145-6 

Cbloroaeetylammo deriv. 97 5-8 126-7 133-4 J 35 5-6 


Of these the two derived from resorcinol have never been prepared, as 
far as we have been able to find, while the two amino-pyrocatechol ethers 
-apparently were isolated as their hydrochlorides by Wisinger, 1 who also 
’ 1 Mottaisl, zi, 1013 (1900). 
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prepared the acetatnino compounds and states that the free bases are 
easily oxidizable oils. Wisinger prepared the hydrochlorides and the 
acetyl derivatives by reduction of the two isomers obtained by nitrating 
pyrocatechol methylethyl ether, and designated the isomers by the let¬ 
ters a - and 3 -, being unable to determine which was the 3,4-methoxy- 
ethoxy- and which the 4,5-isomer. However, by ethylating 5-nitro- 
guaiacol Paul 1 obtained a nitro ether corresponding to Wisinger’s 3 - com¬ 
pound, whose d-methoxy-ethoxy-acetanilide would therefore be the 4,5- 
isomer, although the melting point given is considerably lower than that 
found by us for this compound. We have, on the other hand, found all 
four bases to be easily crystahizable and quite stable under ordinary 
conditions 

It seems also that 3-methoxy-4-ethoxy-acetanilide was prepared by 
Freyss 3 by ethylation of a “p-nitroguaiacol” (m p. 104°), followed by 
reduction and isolation of the amine as the acetyl derivative. Freyss 
showed that the nitro group in his p-nitroguaiacol was in the position 
para to the hydroxyl group, so that his nitro ethyl ether shonld have 
corresponded to Wisinger’s a-compound. It melted 20° higher, however, 
so that Wisinger’s product would seem to have been either an ortho nitro 
derivative or a mixture, a conclusion borne out by the low melting point 
obtained by Wisinger for the acetamino compound as well. In any 
event, the methods employed «u the present paper were such as to render 
it certain that no confusion between the isomers could arise. 

Regarding the methods used, the substances containing the p-amino- 
phenol grouping were prepared by reduction of the corresponding p-sulfo- 
phenylazo dye in ammoniacal solution by means of hydrogen sulfide, a 
method which we had used to good effect in the preparation of 4-amino- 
guaiacol. 1 Chloroacetyl derivatives were made according to the method 
devised by us and used in numerous instances already published. 4 All 
melting points above 140° are corrected to the short stem thermometer 
basis. 

EXPERIMENTAL 

(A) Derivatives of the Ethers 0 Phenol, 0- and m-Cresol. 

Chloroacetyl-o-anisidine, o-CHjOC t H<NHCOCH'CI —This substance 
may be^obtained in almost quantitative yield from 'he base and chloro- 
acetyl chloride in dil. acetic add solution in the piesence of sodium ace¬ 
tate.* After recrystallization first from ligroin and then from absolute 
alcohol the melting point was 48.5-9° (corr.) with slight preliminary 

1 Ber., 39, 3777 (1906). 

* Freyss, Zentr., 1901, I, 739 

* This Journal, 41, 467 (1919) 

* Ibui., 39,1439 (1917) and subsequent pap.is. 

* Loc. at. 
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likely that this substance may react with a second molecule of phenol to 
form the secondary arsonic add, the arsonic residue entering the position 
para to the hydroxyl groups just as the p,p'~ hydroxy compound results 
from the further alteration of p-hydroxy-phenylarsonic add. The yield 
of the add also makes it seem probable that we are dealing with the o,p’- 
dihydroxy compound rather than the o,o’ add, as well as the additional 
possibility of its formation by condensation of f-hydroxy-phenylarsonic 
add with a further molecule of phenol in the o-position. It is also proba¬ 
ble that the o.o'-dihydroxy add may occur among the reaction products 
but in such small amount as to render its isolation difficult. We are at 
present attempting to establish with certainty the identity of the new 
compound by synthetic means. 

Nkw York Cits'. 


[Contribution from thb Laboratories of the Rockefeller Institute for 
Med cal Research ] 

CERTAIN AMINO AND ACYLAMINO PHENOL ETHERS. 

By Michael Heidelberoer and Walter A. Jacobs 

Received July 5, 1919 

In the course of recent chemotherapeutic studies it was found necessary 
to prepare as intermediates certain aromatic amines containing hydroxy, 
methoxy, and ethoxy groups, as well as multiples and combinations of 
these. While the monosubstituted compounds of this type have been 
adequately studied there are many gaps in the series of disubstituted 
amines containing the groups in question, as well as a number of inac¬ 
curacies in the descriptions of compounds which have already been pre¬ 
pared. In the present paper we have endeavored to fill some of these 
gaps and correct those inaccuracies which we have encountered, confining 
the discussion to certain amines and acylamino derivatives of anisole and 
phenetole and of the simpler mono- and di-ethers of pyrocatechol and 
resorcinol. 

Of primary interest are perhaps the 4 isomeric methoxy-ethoxy-anilines: 

NH| NHi Nil) NHi 

0 “ 0 “'“- 0 -- 0 — 


M P OCiH. OCHi OC1H1 OCHi 

The base . . . 2 5-8 0 22.5° - 55 0 81 5-2° 

Acetam no deriv. "7 5-8 5 100 5-1 148 5-50 145-6 


Chloroacetylamino deriv. 97 5-8 126-7 133-4 135 5-6 

Of these the two derived from resorcinol have never been prepared, as 
far as we have been able to find, while the two amino-pyrocatechol ethers 
apparently were isolated as their hydrochlorides by Wisinger, 1 who also 
• 1 Manats! , zx, 1013 (1900). 
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prepared the acetamino compounds and states that the free bases are 
easily oxidizable oils. Wisinger prepared the hydrochlorides and the 
acetyl derivatives by reduction of the two isomers obtained by nitrating 
pyrocatechol methylethyl ether, and designated the isomers by the let¬ 
ters a- and being unable to determine which was the 3,4-methoxy- 
ethoxy- and which the 4,5-isomer. However, by ethylating 5-nitro- 
guaiacol Paul 1 obtained a nitro ether corresponding to Wisinger’s ^-com¬ 
pound, whose d-methoxy-ethoxy-acetanilide would therefore be the 4,5- 
isomer, although the melting point given is considerably lower than that 
found by us for this compound. We have, on the other hand, found all 
four bases to be easily crystallizable and quite stable under ordinary 
condition, 

It seems also that 3-methoxy-4-ethoxy-acetanilide was prepared by 
Freyss 2 by ethylation of a “f-nitroguaiacol” (m. p. 104°), followed by 
reduction and isolation of the amine as the acetyl derivative, Freyss 
showed that the nitro group in his p-nitroguaiacol was in the position 
■para to the hydroxyl group, so that his nitro ethyl ether should have 
corresponded to Wisingcr’s o-compound. It melted 20° higher, however, 
so that Wisinger’s product would seem to have been either an ortho nitro 
derivative or a mixture, a conclusion borne out by the low melting point 
obtained by Wisinger for the acetamino compound as well. In any 
event, the methods employed >n the present paper were such as to render 
it certain that no confusion between the isomers could arise. 

Regarding the methods used, the substances containing the ^-amino- 
phenol grouping were prepared by reduction of the corresponding p-sulfo- 
phenylazo dye in ammoniacal solution by means of hydrogen sulfide, a 
method which we had used to good effect in the preparation of 4-amino- 
guaiacol. 3 Chloroacetyl derivatives were made according to the method 
devised by us and used in numerous instances already published. 4 All 
melting points above 140 0 are corrected to the short stem thermometer 
basis. 

EXPERIMENTAL 

(A) Derivatives of the Ethers 0 Phenol, o- and ,)i-CresoI. 

Chloroacetyl-o-anisidme, o-CHjOCjHiNHCOCHO —This substance 
may be obtained in almost quantitative yield from 'he base and chloro- 
acetyl chloride in dil. acetic add solution in the piesence of sodium ace¬ 
tate.* After recrystallization first from ligrom and then from absolute 
alcohol the melting point was 48.5-9° (corr.) with slight preliminary 

1 Ber., 39, 2777 (1906). 

* Freyss, Zentr., 1901,1, 739. 

* This Journai., 41, 467 (1919) 

4 Ibid., 39, 1439 (1917) and subsequent papers. 

4 Aot. cii. 
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softening, thus confirming our original observation, 1 rather than that of 
Beckurts and Frerichs (51 °).* 

Chloroacetyl-m-anisidine.—The nt-anisidine used in the preparation 
of this substance was prepared essentially as given by Reverdin and 
de Luc,* except that hydrolysis of the acetyl derivative was accomplished 
by boiling for */j hour with approximately 5 parts of 1 : 1 hydrochloric 
add. Practically all of the base boiled at 131° under a pressure of 14 
nun. 

Six g. of m-anisidine were chloroacetylated in the usual way. The solu¬ 
tion remained clear, but on chilling and rubbing in a freezing mixture it 
soon set to a solid cake. After adding 2 volumes of water the chloro- 
acetyl compound was filtered off, dried, and recrystallized by dissolving 
in hot benzene, treating with 1 /j volume of ligroin, and seeding. 6.9 g. 
separated as tufts of flat needles and long plates. Recrystallized again 
from absolute alcohol with the aid of a freezing mixture a portion melted 
constantly at 90.5-1.5° (corr.) with preliminary softening at 90° It 
dissolves readily in the usual solvents with the exception of water and 
ligroin. 

Subs . o 3284 (Kjddahl), 16 7 cc ox N HCI 
Calc for C»H, 0 OiNCl N, 7 02 Found 7 12 

Chloroacetyl-o-phenetidine, o-CsHsOCJLNHCOCILCI.—This sub¬ 
stance was obtained in almost quantitative yield, separating as an oil on 
dilution of the reaction mixture with an equal volume of water and soon 
crystallizing. A portion was recrystallized twice from 85% alcohol, 
separating as hexagonal rhombs melting at 65 5-7 0° (cott ) with slight, 
preliminary softening. It is less soluble in alcohol and ligroin than in 
the other usual organic solvents. 

Subs, o 3200 (Kjeldahl), 14 7 cc 01 N HCI 
Cate for CioHuOjNCl N, 6 56 Found 6 44 

Chloroacetyl-wt-phenetidine.—The m-phenetidine used for the prepara¬ 
tion of this substance was prepared from w-acetaminophenol and diethyl 
sulfate in the presence of alkali at 50-60°, but the yield was not as good 
as that reported by Reverdin and Lokietek* using ethyl bromide. Prac¬ 
tically all of the base boiled at 144,5° under a pressure of 20 mm. 

The chloroacetyl derivative was obtained in almost quantitative yield 
as in the preceding cases, separating from the reaction mixture at once 
and forming so thick a paste that the addition of more 50% acetic acid 
was found necessary in order to maintain fluidity. After diluting with 
water a portion of the collected solid was recrystallized from 85% alcohol, 

1 J. Biol Chem , 21, 135 (1915) 

* Arch. Pharm., 253, 233 (1915). 

* Ber„ *7, 1537 (1914) 

4 Ball. soc. chim., [4] 17, 407 (1915). 
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then frost toluene, forming fiat, listening needles, melting at 125.3-6.5*. 
The compound is readily soluble in acetone or chloroform, somewhat 
less easily in alcohol, ether or benzene at room temperature. It dissolves 
sparingly in cold toluene, easily on boiling, and is difficultly soluble in 
boiling water. 

Subs , 0.2000: (KjeJdahl), 9.55 cc. 0.1 N HC 1 . 

Otic, for CuHuOiNCl: N, 6.56. Found: 6.69. 

Chloroacetyl-p-phenetidine . 1 — This substance was also prepared in 
good yield as in the above cases. 

3-Methyl-4-methozy'acetanilide, 3,4-CH*(CH*0 )C«HiNHC0CHi. — 
Nineteen g. of p-amino-o-cresol* were dissolved in 170 cc. of N hydrochloric 
add and the solution treated with 24.5 g. of acetic anhydride, followed 
immediately by 100 cc. of saturated sodium acetate solution. The mix¬ 
ture was shaken vigorously for 10 minutes and the predpitate of p-a.ctt- 
amino-o-cresol then filtered oS and washed with water. The yield was 
20 g. The crude product was converted into the methyl ether by dis¬ 
solving in 1 . 1 equivalents of N potassium hydroxide solution and shak¬ 
ing with one equivalent of dimethyl sulfate, filtering off the ether and re¬ 
peating the process with the filtrate with '/« of the original amounts of 
alkali and dimethyl sulfate. The fractions were combined and a portion 
recrystallized from 50% alcohol, separating as large, nacreous, hexagonal 
scales which melted at 103-3 - 5 ° with slight preliminary softening. The 
compound is readily soluble in alcohol, acetone, chloroform, or ether, and 
dissolves sparingly in cold benzene, easily on boiling. It also dissolves 
with difficulty in cold water, more easily on boiling, the undissolved por¬ 
tions melting to an oil. 

Subs., 0.1714. (Kjeldahl), 9.6 cc. 0.1 N HC1. 

Calc, for CioHuOiN: N, 7.83. Found: 7.85. 

3-Methyl-4-methoxy-aniline.—The crude acetamino ether was boiled 
for one-half hour with 5 parts of 1 : i hydrochloric add. The solution 
was diluted with water, chilled, and made strongly alkaline with sodium 
hydroxide. The 3-methyl-4-methoxy-aniline immediately separated in 
crystalline form and was filtered off, washed with water, and recrystallized 
from 50% alcohol. The yield obtained as outlined above from 30 g. of 
p-acetamino-o-cresol was 13 g., an additional 1.4 g. being obtained by 
dilution of the mother liquors of the recrystallization. The melting 
poiik was 59-9.5 0 , as given by Bamberger and de Werra,* who obtained 
the base by decomposition of w-tolyl-hydroxylamine with methyl alcohol 
containing sulfuric arid. The amine is easily soluble in alcohol, acetone, 
benzene, or ether, and dissolves very sparingly in cold water, readily on 

1 Bistrtycld and Ulffers, Ber., 31, 2790 (1898); Get. pats. 79,174, 84,654. 

* Prepared according to This Journal, 39, 2198 (1917). 

* d»»., 390,173 (footnote) (1912). 
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boiling, separating as an oil which crystallizes on rubbing. It may also 
be obtained from hot ligroin as thick, almost colorless, hexagonal plates. 
An aqueous suspension slowly gives a deep blue-violet color with ferric 
chloride, and the base is readily diazotized, coupling with R-salt to give a 
deep red color. 

3-Methyl-4-methoxy-chloroacetanilide.—The base was chloroacetyl- 
ated as in the previous experiments, giving an excellent yield of the acyl 
derivative on diluting the reaction mixture with a little water and rubbing. 
A portion was recrystallized twice from 60% alcohol, then by dissolving 
in warm benzene and adding an equal volume of ligroin. It forms delicate 
needles melting constantly at 90-2 ° with preliminary softening, and dis¬ 
solving readily in the usual organic solvents except ligroin. 

Subs., 0.1524. (Kjeldahl), 7.15 cc. o 1 1 VHC 1 . 

Calc, for Ci-HuGiNCl- N, 6 56. Found: 6.57. 

2-Methyl-4-methoxy-aniline, 2,4-CHi(CH 3 0)C6HaNHi.—Twenty g. of 
p-acetamino-m-cresol 1 were methylated as in the case of the o-compound. 
The yield of the acetamino ether was 14.5 g., agreeing in its properties 
with those recorded by Blangey, 2 who obtained the substance by acetyla¬ 
tion of the amino compound. Thirteen g. of the acetamino ether were 
boiled for one hour with 65 cc. of 1 :1 hydrochloric acid, diluted, chilled, 
and the solution made strongly alkaline with 25% sodium hydroxide solu¬ 
tion. The oily base was extracted with ether, and after drying over 
sodium sulfate the solvent was distilled off and the residue fractionated 
in vacuo. Nine g. of 2-methyl-4-methoxyaniline were obtained, boiling 
at 144-52 0 (almost all at 146-7 °) under a pressure of 23 mm. The almost 
colorless liquid crystallized as diamond-shaped platelets on chilling. 
These melted at 13-14 0 (corr.), the melting point being unchanged on 
recrystallization from ligroin. Bamberger and Blangey, 9 who obtained 
the base by treating o-tolyl-hydroxylamine with methyl alcohol contain¬ 
ing sulfuric add, give the melting point as 29-30°. In other respects their 
description was confirmed. 

Subs., 0.1459- (Kjeldahl), 10.65 cc. 0.1 A T HC 1 . 

Calc. forCiHuON: N, 10.22. Found: 10.25. 

2-Methyl-4-methoxy-chioroacetanilide. —On treating 8.7 g. of 2-meth- 
yl-4-metboxy-aniline with a mixture of 45 cc. of gladal acetic acid and 45 cc. 
of saturated sodium acetate solution what appeared to be the acetate of 
the base crystallized at once. A dear solution was obtained, however, 
after adding an additional 110 cc. of 50% acetic add. The solution was 
then chilled and treated cautiously with 7.2 cc. of chloroacetyl chloride, 
with continued cooling and vigorous shaking. Precipitation of the chloro- 

1 This Journal, 39, 2200 (1917). 

2 Dissertation, Zurich, 1903. 

* Ibid also Ann., 390, 174 (footnote) (1912). 
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acetyl derivative was completed by adding an equal volume of water, 
After recrystallization from 85% alcohol the yield was 11.5 g. Recrys¬ 
tallized again from toluene, in which the substance is very easily soluble 
at the boiling point and very sparingly so in the cold, it separates as hair¬ 
like needles which melt constantly at 134-5-5.5°. It is practically in¬ 
soluble in cold water but dissolves appreciably on boiling. It is sparingly 
soluble in cold alcohol, easily on boiling, and dissolves readily in acetone 
or chloroform. 

Subs , 0.1749 (Kjeldahl), 8.15 cc. o 1 N HC 1 . 

Calc, for Ci«HuO>NCl: N, 656. Found: 6.53. 

♦n-Nitro-p-anisidine (3-nitro-4-methoxy-aniline).—This substance was 
prepared by nitrating acet-p-anisidide according to German patent 
101,778 and saponifying by boiling the nitro derivative with 25% sul¬ 
furic add for l /* hour. The resulting solution was diluted with water, 
cooled somewhat, and made strongly alkaline. The base was extracted 
with ether, the solvent distilled off, and the residue dried on a porous plate. 
The crude product was dissolved in cold benzene and recrystallized by 
cautiously adding ligroin and rubbing. 16 g. of acet-p-anisidide gave 
10.4 g. of the nitro-anisidine, melting at 55-7° and not at 50° as stated in 
the patent. Recrystallized twice from toluene, cooled, and treated with 
bone black the first time to remove a slight turbidity, the compound 
separated slowly as a hard crust of red prisms which melted constantly at 
57-7.5 0 (corr.). As so obtained, the substance still contained a small 
amount of an amorphous residue which could be removed by dissolving 
in hot ether, filtering from the residue, adding ligroin, and letting the 
ether evaporate gradually. The nitro-anisidine gradually separated as 
orange-red prisms and plates which melted as above. It is readily solu¬ 
ble in the cold in acetone, alcohol, or ether, rather less so in benzene, and 
difficultly in cold toluene or water, readily on boiling. It dissolves in 
warm 10% hydrochloric acid with a pale yellow color, the hydrochloride 
separating on cooling as almost colorless, glistening platelets. It is readily 
diazotized, giving a sparingly soluble, orange-red dye with R-salt. 

Subs., 0.1182 r6 6 cc N (19 5*, 760 mm ). 

Calc for C;H|OjNj: N, 1667 Found: 16.40. 

3-Nitro-4-methoxy-chloroacetanilide.—Five g. of the nitro-anisidine 
wer^ dissolved in 25 cc. of glacial acetic acid and chloroacetylated in 
the usnal way after adding 25 cc. of saturated sodium acetate solution. 
The acyl derivative separated during the reaction and was filtered off 
after adding several volumes of water. The yield was 6.7 g. A portion 
was recrystallized from alcohol, then twice from ethyl acetate, in which 
it is rather difficultly soluble, forming golden yellow, flat needles melting 
at 149.5-51.5 0 , The substance dissolves quite readily in cold acetone 
and is somewhat soluble in cold chloroform, more easily on boiling. It is 



1456 MICHAEL HEIDELBERGER AND WALTER A. JACOBS. 

very difficultly soluble in cold water but dissolves appreciably on 
boiling. 

Subs., 0.1284. 12 S cc - N (19.5°, 766 mm ). 

Calc, for C t H f O«NiCl N, 11.46 Found- 1146 

3 -Acetamino- 6 -methoxy-benzenesulfonic Acid.—Thirty g. of 3-amino- 
6-methoxy-benzenesulfonic add (prepared by sulfonating p-anisidine 1 ) were 
pulverized, dissolved in 147 cc. of N sodium hydroxide solution and shaken 
vigorously for 10 minutes with 18.2 cc. of acetic anhydride. The solu¬ 
tion was then concentrated to dryness tn vacuo and the residue taken up 
with acetone, filtered off, washed with acetone, and dried. 2 The yield 
of crude sodium 3-acetamino-6-methoxy-benzenesulfonate was 41.3 g. 

A portion of the salt was dissolved in 2 parts of hot water and the solu¬ 
tion treated with bone black and filtered. On adding to the filtrate an 
equal volume of 10% hydrochloric add and rubbing the acid separated 
quickly as microscopic rhombs. These were filtered off, washed with a 
little 10% hydrochloric add, and recrystallized from a small volume of 
water containing a few drops of acetic add. The add separated on cool¬ 
ing and seeding as minute, flat needles. When rapidly heated to 195°, 
then slowly, it intumesces at 197-8°, resolidifies, gradually turns yellow 
as the temperature is further raised, and finally melts again with gas evolu¬ 
tion at about 250 It is readily soluble in water and only sparingly in 
boiling methyl alcohol, ethyl alcohol, or acetic add. 

Subs., o 1672 (Kjeldahl), 9 7 cc □ 1 N HC 1 . 

Calc for C>HuO»NS. N, 5 71. Found 580 

3-Acetamino-6-methoxy-benzene-sulfonamide,3,6-CH a CONH(CH 3 0)- 
CtHjSOsNHj.—21 7 g. of the crude, dry sodium acetamino-metlioxy- 
benzenesulfonate were intimately mixed in a mortar with 16.8 g. of phos¬ 
phorus pentachloride, transferred to a flask with a drying tube attached, 
and heated for one hour at 50 Hydrogen chloride was copiously evolved 
and at the end the flask was evacuated for about l /j hour in order to re¬ 
move as much of the phosphorus oxychloride as possible. The residue 
was then ground up with ice, filtered off when pulverulent, and the crude 
chloride allowed to stand for 2 days with 130 cc. of 1 : 1 ammonium 
hydroxide Nine g. of crude amide were obtained in this way, and the 
product was sufficiently pure for conversion into the amino amide. Anal¬ 
ysis showed that recrystallization from alcohol was insufficient to ensure 
a pure product As obtained in this way the sulfonamide forms faintly 
yellow, radiating aggregates of minute, compact crystals which are only 
difficultly soluble in boiling alcohol When rapidly heated to 230°, then 
slowly, the substance melts to a dark liquid at 233-5.5°, with slow gas 
evolution. 

1 Bauer, Ber., 42, 2110 (1909). 

* Cf. This Journal, 39,2428 (1917). 
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Sabs., o-ajio’ (Kjeldahl), 19.35 ce. o 1 N HC 1 . 

Calc, (or C«HuC>4N*S: N, ii 48. Found. 10.80. 

3- Amino-6-methoxy-benzene-sulfonamide.—6.5 g. of the crude aeet- 
amino amide were boiled for '/a hour with 35 cc. of 1:1 hydrochloric 
add After cooling the solution was made just alkaline with ammonia and 
the precipitated amino-sulfonamide recrystallized from 50% alcohol. The 
yield was 3 4 g. Recrystallized again from 50% alcohol it separated 
from the cold, supersaturated solution as radiating, branched aggregates 
of minute, cream-colored spindles which melted at 184. 5-6.0° with pre¬ 
liminary softening. It is difficultly soluble in the usual neutral organic 
solvents but dissolves readily in boiling water or 50% alcohol, less easily in 
boiling 95% alcohol. It dissolves in dil. hydrochloric add or sodium hy¬ 
droxide solution, the add solution diazotizing readily and coupling with 
R-salt to give a deep red color. An aqueous solution gives a slowly de¬ 
veloping brownish pink color -with ferric chloride. 

Subs., o 1532' (Kjeldahl), 15 05 cc 01 N HC 1 

Calc, for C,H 10 O,N ! S- N, 13.87. Found: 13.77. 

(B) Derivatives of the Ethers of 4-Amino-pyrocatechol. 

34-Methylenedioxy-cbloroacetanilide, 3,4-CH 2 02C e H 3 NHCOCHiCl.— 
Four g. of 3,4-methylenedioxy-aniline hydrochloride (from the nitro com¬ 
pound with tin and hydrochloric add in dilute alcohol) were dissolved in 
40 cc. of 50% acetic acid and 20 cc of saturated sodium acetate solution, 
chilled in ice-water, and treated with 3 cc. of chloroacetyl chloride. The 
resulting mixture was ground up in a mortar, diluted with an equal vol¬ 
ume of water, and the predpitate filtered off and washed with water. 
After recrystallization from 85% alcohol the yield was 3.5 g., the sub¬ 
stance forming both prismatic needles and glistening platelets. After 3 
subsequent recrystallizations from toluene, in which it is easily soluble 
at the boiling point, but difficultly in the cold, the substance separated 
entirely as plumes of microscopic needles which melted constantly at 
*57 55 0 with preliminary softening. It is readily soluble in acetone, 
somewhat less easily in chloroform, and only sparingly in cold alcohol, 
readily, however, on warming. It also dissolves in boiling water and only 
very difficultly in the cold. The compound gives a pale yellow color with 
sulfuric acid. 

Subs , o 1503' (Kjeldahl), 7.0 cc. o 1 N HC 1 
Calc, for C*H( 0 »NC 1 : N, 656 Found - 6.52. 

4- Chloroacetylamino-guaiacol, 3,4 -CHsO(HO)C s H i NHCOCH ! C 1. — 
16.7 g. of 4-aminoguaiacol 1 were dissolved in a warm mixture of 100 cc. of 
acetic add and 100 cc. of saturated sodium acetate solution, rapidly dulled, 
and cautiously treated with 15 cc. of chloroacetyl chloride. The resulting 
solution was concentrated to small bulk in vacuo and the crude, crystalline 

1 This Jocsnal, 41 ,467 (1919). 
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chloro-acetyl derivative recrystaliized from a small volume of 50% alco¬ 
hol. The yield was 17.5 g. Recrystaliized from water with the aid of 
bone black, it forms slightly pinkish, thin, nacreous plates which melt 
at 113-4 0 with slight preliminary softening. The substance dissolves 
readily in acetone, alcohol, or hot water, less easily in hot benzene, and 
only sparingly in cold water or cold benzene. An aqueous solution gives 
a yellow-brown color with ferric chloride. 

Subs., 0.1554: 8.8 cc. N (18.5°, 755 mm.). 

Calc, for CjHioOiNCl: N, 6.50. Found: 6.37. 

5-Chloroacetylamino-guaiacol, 3,4 -HO(CHjO)C«HjNHCOCH 2 C1. — 
5-Nitroguaiacol (m. p. 104 °) was reduced according to Mameli. 1 After 
concentrating the detinned solution in vacuo and washing with a little 
i :i hydrochloric acid, the 5-aminoguaiacoI hydrochloride (N, 7.83; 
calc., 7.98) formed practically colorless crystals which melted to a semi¬ 
fluid mass at about 160° and became completely fluid and decomposed 
at about 180° when rapidly heated. An aqueous solution gives a deep 
brown-red color with ferric chloride. 

Six g. of the hydrochloride were dissolved in 25 cc. of water and chloro- 
acetylated in the usual way after adding 10 cc. of acetic acid and 30 cc. 
of saturated sodium acetate solution. The substance crystallized on 
shaking and rubbing and was recrystaliized from water containing a few 
drops of acetic acid, forming slightly pinkish hexagonal plates and prisms 
melting at 128-48° with preliminary softening. The yield was only 2.7 
g., owing to considerable loss during the recrystallization. Two subse¬ 
quent recrystallizations from toluene gave the melting point 140-50°, 
with preliminary softening, the compound forming pale pink, nacreous 
platelets. It dissolves in alcohol, ethyl acetate, boiling toluene, or boil¬ 
ing water, and is almost insoluble in oold toluene or benzene. 

Subs., 0.1512: (Kjeldahl), 6.9 qc. 0.1 iVHCl. 

Calc, for C»HioO>NCl: N, 6.50. Found, 6.39. 

p-Sulfophenylazo-o '-ethoxy-phenol, p-HOjSC«H 4 N. NC«Hj(OC 2 Hs)- 
OH(3',4'-).—23.1 g. of air-dry sodium sulfanilate (o. 1 mol.) were dissolved 
in 400 cc. of ice and water, 7 g. of sodium nitrite added, and 60 cc. of 1 : 1 
hydrochloric add run in, with stirring. The resulting mixture was slowly 
added to a solution of 13.8 g. of o-et boxy phenol (guethol), keeping the 
temperature at 20° by adding ice. 2 After stirring for 15 minutes, the 
deep orange-brown solution was acidified strongly with cone, hydrochloric 
add. On rubbing and stirring the dye separated quickly as glistening, 
coppery aggregates of platelets. After letting stand overnight in the 
ice box the dye was filtered off and washed with 10% hydrochloric add 
and then with acetone. The yield was 26.3 g. A portion was recrya- 

1 Chan. Centr., 1908, 1 , 25. 

2 Cf. the analogous preparation of 4- aminoguaiacol, Lee. cit. 
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tallized from water, in which it is difficultly soluble in the cold, easily on 
boiling, forming dark red platelets with a purple reflex. After washing 
with a little water, then with acetone, and air-drying, the substance con¬ 
tained approximately 2 molecules of water of crystallization When 
rapidly heated the anhydrous compound melts and evolves gas at about 
220°, with preliminary decomposition, while if the heating is slow above 
200° it merely softens and gradually decomposes as the temperature is 
raised. The dye is readily soluble in methyl alcohol, less easily in abso¬ 
lute alcohol, changing to orange. It is somewhat soluble in boiling 
acetic acid, difficultly in cold water, the color changing to bright orange- 
red owing to formation of the hydrate. It dissolves readily in boiling water 
and gives a bright red color with cone, sulfuric add. 

Subs., air-dry, 0.3140: loss, 0.0338 in vacuo at ioo° over H1SO4. 

Calc, for C»HuO»NiS.3HiO: H» 0 , 10.06. Found. 10.76. 

Subs., anhydrous, 0.1364: 10.55 cc. N (30.5°, 755 mm.). 

Calc, for CuHuOwNiS: N, 8.70. Found: 8.64. 

4-Amino-6-e thoxy-phenol, 4,6-HjN (CsH s O)C«HsOH.—Seventy-two g. of 
the crude dye were dissolved in 720 cc. of 10% aqueous ammonia and 
treated with a rapid stream of hydrogen sulfide. The solution became 
hot, suddenly decolorized, and then began to deposit the aminophenol. 
After passing in hydrogen sulfide for ■/« hour the mixture was cooled with 
ice-water and the aminophenol filtered off and dried. The yield was 29 
g. Recry stallization from 85% alcohol yielded an impure product, ap¬ 
parently owing to partial oxidation, so a portion of the substance was 
suspended in a little water, dissolved by adding hydrochloric add, and 
the solution treated with sodium acetate. The resulting preapitate of 
dark, flocculent material was filtered off with the aid of bone black and the 
filtrate neutralized with sodium hydrogen carbonate. Under these con¬ 
ditions the compound separated as almost colorless, minute, glistening, 
hexagonal platelets melting to a deep brown liquid at 186- 8 0 with pre¬ 
liminary darkening and softening. The aminophenol is readily soluble 
in hot acetone, less easily in the cold, and dissolves in boiling alcohol 
and only sparingly in the cold. It is rather sparingly soluble in boiling 
water and dissolves in alkali with a gray lilac color, changing to deep 
violet. An alcoholic solution gives an olive color with ferric chloride. 
The substance also turns purple with sulfuric acid, but dissolves with 
ver^ little color. 

Subs., 0.1493: (Kjeldahl), 9.7 cc. 0.1 N HC 1 . 

Calc, tor CiHaOjN : N, 9.15. Found: 9.10. 

4-Acetamino-6-ethoxy-phenol.—Twenty-nine g. of the crude amino- 
phenol were dissolved in 145 cc. of warm 50% acetic add, chilled in ice- 
water, and shaken with 23 g. (1.2 mols.) of acetic anhydride. The acetyl 
derivative crystallized on robbing, and after diluting with a little water 
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and letting stand in the ice box the collected product was recrystalliaed 
from 50% alcohol. The yield was 23.4 g. Recrystallized first from 
water containing a few drops of acetic acid, using bone black, then from 
50% acetic add, the aeetaminophenol forms practically colorless, nacreous 
platelets which melt at 165.5-6.5° with preliminary softening. It is 
readily soluble in alcohol at room temperature, the solution giving an 
olive color with ferric chloride. It is very difficultly soluble in cold water, 
easily on boiling, an aqueous suspension giving an orange color with ferric 
chloride. The substance is soluble in warm acetone, sparingly in the cold, 
and is also slightly soluble in boiling benzene. 

Subs., 0.1875. (Kjeldahl), 9 8 ec. 0.1 N HC 1 . 

Calc for CioHiiO^f: N, 7 19. Found. 7.32. 

4-Chloroacetylamino-6-ethoxy-phenol,—In this case it was necessary 
to add 6 additional parts of 50% acetic add to the usual acetic add- 
sodium acetate mixture before a dear solution could be obtained. The 
crude ehloroacetyl derivative was recrystallized from 50% alcohol, in 
which it is easily soluble at the boiling point and only sparingly so a few 
degrees below. The yield was equal to the amount of aminophenol 
taken. Recrystallized again from boiling toluene it forms woolly 
needles which melt at 155-6° with preliminary softening. It dis¬ 
solves readily in acetone and in boiling chloroform or alcohol, less 
easily in the last two in the cold. It also dissolves in cold methyl alco¬ 
hol or boiling water, and is rather sparingly soluble in boiling toluene. 

Subs , o 1546- (Kjeldahl), 6 55 cc o 1 N HC 1 . 

Calc, for CieHnOtNCl: N, 6 u. Found: 5.93. 

4-Acetamino-guaiacol.—Forty g. of 4-aminoguaiacol 1 were dissolved in 
200 cc. of 50% acetic add and shaken with 1 . 2 molecular equivalents of 
acetic anhydride. The resulting solution was concentrated to dryness 
in vacuo and taken up in the minimum amount of water. The acetyl 
derivative crystallized on rubbing and letting stand, and was filtered off, 
dried, and recrystallized by dissolving in hot ethyl acetate, treating with 
bone black, and predpitating with the aid of ether. The yidd was 25 g., 
the substance corresponding in its properties with that reported in the 
literature.’ An additional amount was recovered by concentrating the 
mother liquors and adding ether. 

4-Amino-veratrol.—12.5 g. of 4-acetaminoguaiacol were methylated in 
the usual way with dimethyl sulfate and potassium hydroxide solution, 
saturating with salt at the end to complete the separation of the acet- 
amino-veratrole. This was filtered off, washed with a little ice-water, 
and saponified by boiling for 50 minutes with 25% sulfuric add. The 
solution was drilled, made strongly alkaline, and the crystalline base fil- 

1 Loc. cil. 

1 Ber., 39, 3340; Chm. Zentr., 1911, II, 1437- 
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tered off and washed first with saturated sodium chloride solution, then 
with a little ice-water. The yield was 7.5 g., corresponding in its proper¬ 
ties with those recorded in the literature. 

34-Dimethoiy-chloroacetanilide.—Five g. of 4-amino-veratrol were 
ehloroacetylated as in previous experiments. After recrystallization from 
50% alcohol the yield was 6.2 g. Recrystallized from benzene it forms 
long, silky needles which melt constantly at 133.5-4.5° with slight pre¬ 
liminary softening. The compound dissolves readily in chloroform or 
acetone, rather sparingly in cold alcohol, easily on warming, and also dis¬ 
solves in boiling water or boiling benzene. 

Subs, o 1655 (Kjeldahl), 7 35 cc. 0.1 N HC 1 
Calc, for CioHuO NCI N, 6.11 Found: 6 22. 

3-Methoxy-4-ethoxy-acetanilide, 3,4-CH 4 0(C t HiO)C(HjNHCOCHj.— 
16.7 g. of 4-acetamino-guaiacol were dissolved in the minimum amount 
of boiling water and treated with 95 cc. of N potassium hydroxide solu¬ 
tion, the temperature dropping to 45 Twelve g. of diethyl sulfate 
were then added in small portions, with vigorous shaking, the tempera¬ 
ture remaining at 45-50 0 and the ether separating before all of the diethyl 
sulfate had been added. After shaking for a few minutes longer 50 cc. 
more of N potassium hydroxide solution were added, the temperature was 
raised to 50 °, and the mixture then shaken with an additional 6 cc. of 
diethyl sulfate. After treating with aqueous ammonia to decompose 
any unchanged diethyl sulfate, the mixture was cooled, allowed to stand, 
and the product filtered oil and dried. The yield was 15.8 g. A portion 
was recrystallized first from water, in which the colored impurities re¬ 
mained insoluble, and then from toluene, separating as long, narrow, 
nacreous plates which melt at 148.5-50 0 with slight preliminary softening. 
The compound separates from water as thick plates and columns. It 
also dissolves in alcohol or acetone at room temperature, and dissolves 
readily in hot benzene and freely, but slowly, in boiling toluene. 

Subs , o 1318- (Kjeldahl), 74 cc. 0.1 N HC 1 . 

Calc, for CuHjjOjN. N, 6.70. Found. 6.83. 

As stated in the introduction, this substance appears to have been ob¬ 
tained by Freyss. 1 

3-Methoxy-4-ethoxy-anilme. —14 5 g. of the acetamino compound 
were boiled for 55 minutes with 70 cc. of 25% sulfuric acid. The mixture 
wSs cooled, causing the sulfate to separate as large plates, and was made 
strongly alkaline and shaken out with ether. After drying the ethereal 
extract, concentrating, and fractionating the residue in vacuo, 6 g. of the 
base were obtained. It is a faintly yellow, very viscous liquid, which 
boils at 1 75-6 0 under a pressure of 20 mm. and soon solidifies to a mnsa of 
prismatic needles which show a solidification point of 55° (con.) when 
1 Laa. ciL 
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the thermometer is placed in the crystallizing liquid. A few of the crys- 
tals, crushed on a porous plate, melted with preliminary softening at 
53 0 to a turbid liquid which cleared completely at 59°. The crystalline 
base dissolves readily at room temperature in alcohol, benzene, or ether, 
and only sparingly in ligroin. It is difficultly soluble in water, the solu¬ 
tion turning brown with ferric chloride and changing through wine-red 
to reddish purple on standing From a solution in an excess of dil hydro¬ 
chloric acid the hydrochloride separates on chilling as very thin, nacreous 
scales It is readily diazotizable, the purple-red diazo solution (brownish 
green in thin layers) coupling with R-salt to give an intense purple red 
cilor. 

Subs o 1337 (Kjeldahi), 7 8 cc 01 N HC 1 
Calc fcr CtHuOsN N, 8 39 Found 819 

3- Methoxy-4-ethoxy-chloroacetamlide.—3 5 g of the ba-r - h ro 
acetylated in a mixture of 45 cc of 50% acetic acid and 15 cc ot u <•> ed 
sodium acetate solution. After diluting with water and wasliin„ the 
collected product the yield was 4 g. Recrystr'lue 1 rom a small volume 
of 50% alcohol, in which it is easily soluble at the b \ ug point and very 
much less so on cooling even a few degrees, the substance forms long, 
silky needles which melt slowly at 133-4 0 with slight preliminary softening 
It dissolves readily in acetone or chloroform, less easily in the cold m aleo 
hoi or benzene, and is fairly readily soluble in boiling water 

Subs , o 1586 (Kjeldahi), 6 7 cc 01 N HC 1 
Calc for GuHuOiNCl N, 5 75 Found 5 92 

4- Methoxy-5-ethoxy-acetaniUde, 4.5-CH ! 0(C ! H & 0)C»H J NHC0CH, — 
Eighteen g of 4-acetamino-6-ethoxy-phenol (see p 1459) were dissolved 
in 100 cc. of N potassium hydroxide solution and the deep blue solution 
methylated in the usual way by means of dimethyl sulfate The methyl 
ether separated almost at once and the yield of crude product was 18 3 g 
A portion was recrystallized first from water, containing a few drops of 
acetic acid, usmg bone black, then from toluene, forming slightly purple, 
very thin, nacreous scales which melt slowly and constantly at 145-6° 
with preliminary softening. A mixture with the 3,4-isomer, which melts 
only a few degrees higher, softens and gradually melts above 115 °, becom¬ 
ing entirely dear at 138°. The compound dissolves fredy at room tem¬ 
perature in alcohol, acetone, or chloroform, and is sparingly soluble in 
cold toluene, easily on boiling. It is also difficultly soluble in cold water, 
but fairly readily so at the boiling point. 

Subs , o 1495 (Kjeldahi), 7 15 cc 01 N HC 1 
Calc, for CuHuOtN: N, 6.70. Found 6 70 

4-Methoxy-5-ethozy-aniline. —17.5 g. of the acetamino compound 
Were boiled with to parts of 25% sulfuric add. The dear, dark purple 
solution was cooled in a freezing mixture, made strongly alkaline, and 
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extracted with ether. After drying and concentrating, the crystalline resi¬ 
due was taken up in boiling benzene and the solution treated with ligroia 
until the initial turbidity barely disappeared. 10.2 g. of the base crystal¬ 
lized on seeding. Recrystallized from water with the aid of bone black, 
then from 50% alcohol, the substance separates slowly as faintly pinkish, 
rhombic crystals which melt constantly at 81.5-2 0 (corr.), with slight pre¬ 
liminary softening. It dissolves very easily in acetone or benzene, some¬ 
what less readily in alcohol or ether, apd only sparingly in 50% alcohol 
at o°, but readily on warming. It is quite soluble in boiling water and 
rather difficultly in the cold, the aqueous solution gradually giving an 
intense violet color with ferric chloride. A solution of the base in 1 : 1 
hydrochloric acid soon deposits the hydrochloride as delicate, colorless 
needles. In a dil. hydrochloric acid solution of the amine sodium nitrite 
gives a transient purple color, brown in thin layers, changing to brownish 
gray, and the substance couples with R-salt to give a deep red color. 

Subs., 0.1688. (Kjeldahl), 10.3 cc. 0.1 N HC 1 . 

Calc, for C»HuOiN: N, 8.39. Found: 8.55. 

4-Methoxy-s-ethoxy-chloroacetanilide.—5.1 g. of the base were dis¬ 
solved in a mixture of 50 cc. of 50% acetic acid and 25 cc. of saturated 
sodium acetate solution, diluted with 100 cc. of 25% acetic arid, and 
treated with 4.3 cc. of chloro-acetyl chloride, with chilling and stirring. 
The chloro-acetyl derivative, which separated immediately, was filtered 
off and recrystallized from alcohol, the yield being 5.6 g. Recrystallized 
again from toluene it forms delicate, woolly needles which melt con¬ 
stantly at 135.5-6° with slight preliminary softening. It dissolves 
readily in acetone or chloroform, less easily in alcohol, and diffi¬ 
cultly in cold toluene or benzene, but readily on boiling. It is rather 
sparingly soluble in boiling water. In its properties, therefore, it dosely 
resembles the 3-methoxy-4-etboxy isomer. 

Subs., 0.1578' (Kjeldahl), 6.4 cc. 0.1 IV HC 1 . 

Calc, for C,iH«O t NCl: N, 5.75. Found: 5 68. 

Diacetyl-4-amino-pyrocatechol.—Twenty-five g. of crude 4-amino- 
pyrocatechol hydrobromide 1 were purified by solution in water containing 
a few drops of hydrobromic acid, treating with a few grams of stannous 
chloride, detinni.ig with hydrogen sulfide, and concentrating the solution 
to dryness in vcu.no The residue was taken up in 73 cc. of water, treated 
w^th 90 cc. of saturated sodium acetate solution, and s hak en with 14 cc. 
(1.1 mols.) of acetic anhydride. The resulting mixture was cooled and 
filtered and the filtrate treated with solid sodium acetate and again shaken 
with 5 cc. of acetic anhydride. An additional amount .of the diacetyl 
derivative separated and was filtered off, washed with a little water, and 
combined with the first fraction, the total yield being 14.4 g. Recrys- 
1 This Joubnal, 41, 467 (1919). 
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tallized twice from 50% alcohol containing a few drops of acetic add, the 
Substance separates as thin, glistening, faintly pinkish, hexagonal plate¬ 
lets which melt constantly at 187 5-92 °. The compound dissolves readily 
in acetone, rather sparingly in 50% or 95% alcohol at room temperature, 
and difficultly in cold water, readily on boiling. An aqueous solution 
gives a grayish brown color with ferric chloride. An aqueous suspension 
dissolves on adding a drop of dil. sodium carbonate or ammonia, the solu¬ 
tion in the latter case turning ro%-brown on shaking. When an aqueous 
Suspension is warmed with sodium nitrite and a few drops of acetic add 
the resulting dear solution deposits, on cooling and scratching, golden 
yellow platdets of a nitroso derivative which dissolves in alkalies with a 
brown-red color, changing rapidly to purple-red. 

Subs , o 1598 (Kjcldahl), 7 8s cc 0.1 N HC 1 

Calc for CioHhCLN N, 6 70 Found 6 88 

3,4-Diethoxy-acetanilide, 3,4-(CjH 6 0)5C 6 HiNHC0CHj. —Thirteen g. of 
diacetyl-4-amino-pyrocatechol were suspended in about 150 cc. of water 
in a flask provided with a 3-hole stopper through which passed a gas 
delivery tube, an exit tube, and a dropping funnel. After the air in the 
flask had been displaced by hydrogen, no cc of 2 N potassium hydroxide 
solution (a little over 3 mols.) were added through the dropping funnel, 
followed, after complete solution had taken place, by 16 5 cc (2 mols.) of 
diethyl sulfate. The mixture was then warmed on the water bath, shak¬ 
ing continuously and passing in a stream of hydrogen. The diethoxy- 
acetanilide finally separated in crystalline form, after which 20 cc. of 
5 N potassium hydroxide solution and 9 cc. of diethyl sulfate were added 
and the mixture again shaken and heated. After all of the diethyl sulfate 
had apparently been used up ammonia was added and the mixture allowed 
to cool slowly. It was finally chilled in ice, filtered, and the crude product 
recrystallized from a small volume of 50% alcohol. The yield was 4.9 
g., agreeing in all of its properties with the substance as obtained by 
the alternative method described below and causing no sensible depres¬ 
sion of the melting point when mixed with this. 

4-Acetamino-6-ethoxy-phenol (see p. 1459) was ethylated in exactly 
the same manner as described for the ethylation of 4-acetamino-guaiacol 
(see p. 1460). The yield of crude 3,4-diethoxy-acetanilide obtained in 
this way was slightly more than the amount of starting material used, and 
this method is therefore recommended when guethol is available, as it is 
more direct and the yield is better. Recrystallized from 50% alcohol 
it forms nacreous platelets which melt at 124-5 5° with slight preliminary 
softening, thus agreeing with the description given by Wisinger, 1 who ob¬ 
tained the compound by reduction of nitro-pyrocatechol diethyl ether, 
acetylation of the amine hydrochloride, and saponification of the diacetyl 
1 Manalsk., ax, 1015 (1900). 
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derivative so obtained. Wisinger was unable to isolate the free base in 
a state of purity, but as will be seen below, this offers little difficulty. 

Subs., 0.1740: (Kjeldahl), 7-75 cc. o 1 N HCI. 

Calc, for CuHiiOjN N, 6.28. Found- 6.24. 

3.4- Dietho xy- aniline.—6.8 g. of the diethoxy-acetanilide were boiled 
for 15 minutes with 35 cc. of 1 : 1 hydrochloric add, diluted with 2 parts 
of water, cooled somewhat, made strongly alkaline, chilled rapidly, and 
the mixture extracted with ether. ThfSthereal solution, when dried and 
concentrated, yielded 4 8 g. of the base as a crystalline residue. Re¬ 
crystallized first by dissolving in benzene, adding ligroin, and letting 
stand in the ice box, then from a relatively large volume of ligroin, it 
separates as cream colored prisms, rhombs, thick plates, and needles which 
melt constantly at 47.5-8.5° (corr.). It is readily soluble in the cold in 
the usual neutral organic solvents with the exception of ligroin, and is also 
appreciably soluble in cold water. The aqueous solution gives an in¬ 
tense violet color with ferric chloride. When the base is dissolved in 
warm, dil. hydrochloric add, the hydrochloride separates on cooling as 
delicate needles. A solution of the salt gives s purple color with sodium 
nitrite, coupling with R-salt to give a purple-red color. 

Subs., 0.1513: (Kjeldahl), 8 4 cc o 1 N HCI. 

Calc, for CioHnOjN N, 7 74. Found. 7 78. 

3.4- Die thoxy-chloroacetanilide.—The base was dissolved in a mix¬ 
ture of 15 parts of 50% acetic add and 3 parts of saturated sodium ace¬ 
tate solution and chloroacetylated in the usual way. Predpitation of 
the chloroacetyl derivative was completed by dilution with water. Re¬ 
crystallized first from 85% alcohol, then from toluene, it forms hair-like 
needles which melt at 122.5-4.5° with slight preliminary softening and 
resolidification a few degrees below the melting point. The substance dis¬ 
solves readily in acetone or chloroform, less easily in cold alcohol, and 
only sparingly in cold toluene although very readily on boiling. It is 
practically insoluble in cold water, appredably so on boiling, and dis¬ 
solves in cone, sulfuric acid with a faint greenish yellow color. 

Subs., 0.1329. (Kjeldahl), 6.15 cc. 0.1 N HCI. 

Calc, for C u HkO|NC 1 N, 3.44. Found: 5.63. 

(C) Derivatives of the Ethers of Resorcinol. 

p»Sulfophenylazo-m-methoxy-phenol, jS-HOjSC<sK(N : NCsHj(OCHa)- 
OH(o',p'-). —This substance was prepared exactly in the same way as was 
the p-suKophenylazo-tf-ethoxy-phenol described above (p. 1458), using 
* 12.4 g. of resorcinol monomethyl ether. 25.2 g. of the dye separated 
as an orange-red crystalline precipitate on strongly acidifying the reaction 
mixture with hydrochloric add. A portion of the dye was recrystallized 
from water, in which it is sparingly soluble in the cold, quite easily on 
boiling, separating as lustrous, brown-orange, lenticular platelets. After 
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washing with water, then with acetone, and air-drying, the compound 
retained approximately one molecule of water of crystallization. The an¬ 
hydrous substance forms a brick red powder which gradually darkens on 
heating and chars and swells at about 250°. It is fairly readily soluble 
in absolute alcohol, finally crystallizing out again on warming as short, 
thick, orange, microscopic plates. It is rather sparingly soluble in boil¬ 
ing acetic add, a portion separating from the hot solvent in this case as 
well, apparently owing to combination with the solvent. The dye dis¬ 
solves in cone, sulfuric add with a yellow orange color, in dil. carbonates 
or alkalies with a reddish orange color. 

Subs , air-dry, o 2534 loss, o 0163 tn vacuo at 100° over II,SO,. 

Calc for Ci,Hi,OiN,S H ,0 HsO, 5 52 Found 6 43 
Subs, anhydrous, o 1293 9 8 cc N (24 3°, 770 mm ) 

Calc for CuHuOiNjS N, 9 09 Found 8 82 

4-Amino-S-methoxy-phenol, 4,5-HjN(CHsO)CeHjOH.—Twenty-four g. 
of ^-sulfo-phenylazo-m-methoxy-phenol were dissolved in 240 cc. of 10% 
ammonium hydroxide and treated with a rapid stream of hydrogen sul¬ 
fide until the solution became brown and the aminophenol was precipi¬ 
tated. After cooling, the predpitate, white at first, was filtered off and 
washed with water, rapidly turning gray on exposure to air. After dry¬ 
ing in vacuo the yidd was 7 6 g Recrystallized from boiling toluene, 
in which it is sparingly soluble, the base separates as delicate, pale purple- 
brown needles which darken when heated, blacken markedly at about 
160and then soften, finally melting at 175-80° to a purple-black liquid. 
The substance dissolves in alcohol, but is very sparingly soluble in cold 
water, although readily on boiling, the solution turning purple in the air. 
An aqueous suspension gives a slowly developing brownish purple color 
with ferric chloride. 

Subs , o 1500 (Kjeldahl), 10 8 cc o 1 N HC 1 
Calc for C,H, 0 ,N N, 10 07 Found 10 08 

The hydrochloride of this substance was obtained by Henrich and 
Rhodius 1 by reduction of nitroso-resorcinol monomethyl ether with stan¬ 
nous chloride, but the free base was not isolated The isomeric resorcinol 
derivative containing the amino group in the position para to the methoxy 
group, was obtained by Bechhold 5 by reduction of the phenol-azo-resordn 
monomethyl ether formed on methylation of phenyl-azo-resorcinol. 

4 - Acetamino - 5 - methoxy - phenol.—4-Amino-5-methoxy-phenol was 
acetylated in 50% acetic add solution by means of acetic anhydride. 
The resulting solution was concentrated to dryness in vacuo and the 
residue taken up in hot water and the solution treated with bone black 
and filtered. The acetyl derivative separated on standing overnight. 

l Bcr., 35, 1485 (1902). 

* Rid., 22, 2378 (1889). 
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Recrystallized with the aid of bone black from water containing a 
few drops of acetic acid, then from toluene, which removes a black im¬ 
purity, the acetaminophenol separates as pale pink aggregates of minute 
needles which begin to melt above 140° when slowly heated and finally 
melt completely at 169-71.5°, When rapidly heated the substance 
melts at 150-5°, resolidifies in a few moments, and then melts again at 
169-71°. It is soluble in cold alcohol or acetone and dissolves rather 
sparingly in cold water, readily on boiling, separating on cooling as radia¬ 
ting masses or spears. 

Subs., 0.1571 • (Kjeldahl), 8 70 cc. 0.1 N HC 1 
Calc for C»HnO»N: N, 7.74. Found: 7.76. 

4-Chloroacetyl-amino-5-methoxy-phenol.—Five g. of crude 4-amino- 
5-methoxy-phenol were dissolved in 60 cc. of 50% acetic add and treated 
with bone black. The filtrate was treated with 25 cc. of saturated sodium 
acetate solution and chloroacetylated in the usual way. After recrys- 
tallization from 50% alcohol the yield of the acyl derivative was 5.1 g. 
Recrystallized again from ethyl acetate it forms practically colorless, 
nacreous platelets which melt constantly at 165 5-6.5° with preliminary 
softening. The substance is easily soluble in cold alcohol or acetone, 
also in boiling ethyl acetate or water, but sparingly in the cold- It is 
also very difficultly soluble in boiling chloroform. 

Subs., o 1534. (Kjeldah)), 7.25 cc. 0.1 iVHCl. 

Calc, for C.HioOjNCI- N, 6.50. Found: 6.53. 

p-Sulfophenylazo-m'-ethoxy-phenol.—This substance was prepared 
exactly as given for the analogous dyes already described, using 13.8 g. 
of resordnol monoethyl ether. The product separated slowly on aridi- 
fying strongly with hydrochloric acid, and was filtered off after standing 
in the refrigerator overnight, washed with ice-water and acetone, and 
dried. The yield was 25 4 g. Recrystallized from water, it forms flat, 
minute, glistening, brown orange, pointed needles and narrow plates with 
bevelled edges. After washing with acetone and air-drying, the substance 
contained approximately one molecule of water of crystallization. The 
anhydrous substance forms a brick-red powder which blackens at about 
250-5° and softens on further heating, but does not melt below 285°, It 
is difficultly soluble in boiling absolute alcohol or acetic acid and is prac¬ 
tically insoluble in boiling acetone. In sulfuric add it gives a bright 
orange color. It dissolves rather sparingly in cold water with the same 
color, becoming slightly more red on adding alkali. 

Subs., air-dry, 0.5054: loss, 0.0306 in vacuo at 100° over H,SO,. 

Calc, for CiiHuOtNtS.HjO: HiO, 5.30. Found: 6.06. 

Subs., anhydrous, 0.1197: 9.05 cc, N (23.5 0 , 759 mm.). 

Calc, for CnHuOiNrS: N, 8.70. Found: 8.70. 

4-Amino-5-ethoxy-phenol. — p-Sulfo-phenylazo-m'-ethoxy-phenol was 
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reduced by hydrogen sulfide in ammoniacal solution as in previous experi¬ 
ments. The yield of aminophenol was about 40% of the dye used. A 
portion was rapidly recrystallized from water containing hydrogen sulfide 
to suppress the oxidation which otherwise occurred, forming gray, glis¬ 
tening, microscopic leaflets which melt at 152-4° with preliminary soften¬ 
ing and blackening. The compound dissolves readily in alcohol, less 
easily in cold acetone, readily on boiling, and is sparingly soluble in hot 
chloroform. It dissolves in boiling toluene with the exception of a few 
dark flocks, but on attempting to purify a portion of the substance by 
this method it darkened rapidly owing to oxidation. An aqueous suspen¬ 
sion gives a purple color with ferric chloride, deepening to an intense 
violet, while a solution of the compound in dil. alkali rapidly turns dark 
purple and gives a dark purple precipitate. 

Subs., o 1530 (Kjeldahl), ioocc.01 N HC 1 . 

Calc, for CiHuOjN N, 9 15 Found. 9 16. 

4- Ace tamino-5-ethoxy-phenol.—Twenty g. of 4-amino- 5-ethoxy-phenol 
were dissolved in 240 cc. of 50% acetic acid, treated with bone black, and 
the filtrate shaken with 15 2 cc. of acetic anhydride. After several hours 
in the cold the acetaminophenol was filtered off and washed with water. 
The yield was 20 6 g., an additional 2 i g. being obtained on concentra¬ 
tion of the mother liquors. A portion was recrystallized first from 60% 
alcohol, then from 50% acetic add, separating on seeding as pointed 
prisms of various shapes which melt slowly at 172 5-4 5 0 with preliminary 
softening, the melting point being unchanged by a subsequent recrystalliza¬ 
tion. The substance is fairly readily soluble in cold alcohol, acetone, or 
ethyl acetate, and is very difficultly soluble in cold water, although quite 
soluble on boiling. 

Subs , o 1839 (Kjeldahl), 9 3 cc o 1 N HC 1 

Calc, for CioHuOjN. N, 7 19 Found 7 09 

4 - Chloroacetyl - amino - 5 - ethoxy-phenol. — 4-Amino-5-ethoxy-phenol 
was chloroacetylated exactly as in the case of the 4,6-isomer (p. 1460). Re- 
crystallized first from 50% alcohol containing a few drops of acetic add, 
using bone black, the substance separates as gray, fdted needles, while 
after a subsequent recrystallization from toluene it forms nacreous, feathery 
aggregates of gray plates which melt slowly at 158 5-61°. It dissolves 
readily in alcohol or acetone, less easily in chloroform, and is rather diffi¬ 
cultly soluble in boiling water and practically insoluble in the cold. An 
alcoholic solution gives an dive color with ferric chloride. 

Subs , o 1523 (Kjeldahl), 9.45 cc. 0.714 N' HC 1 
Calc, for CioHuOjNCl: N, 6.11. Found 6.30. 

24-Dimethoxy-aailine, 2,4-(CHa01jC»H»NHj.—This substance was pre~ 
1 Equal to Vu normal. 
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pared by methylating 4-acetamino-s-methoxy-phenol with aqueous alkali 
and dimethyl sulfate and hydrolyzing the resulting 2,4-dimethoxy-acet- 
anilide by boiling for 1 /i hour with 1 : 1 hydrochloric add, just as was done 
in the preparation of 4-amino-veratrole from 4-acetamino-guaiacol. The 
solution was made strongly alkaline and the base extracted with ether. 
After (hying, this was concentrated to small bulk, the residue crystallizing 
in a freezing mixture. The product was melted, taken up in several 
volumes of ligroin, and the solution chilled and seeded. The base separa¬ 
ted as nacreous, pinkish platelets which melted at 32.5-3.5° (corr.), 
the melting point being unchanged by subsequent recrystallization from 
a mixture of benzene and ligroin with the aid of a freezing mixture. Ac¬ 
cording to Bechhold, 1 who prepared the base by reduction of phenyl-azo¬ 
resorcinol dimethyl ether, it melts at 39-40°. An aqueous solution gives 
a deep purple color with ferric chloride, while an alcoholic solution gives 
a green color, gradually changing to violet-brown. 

Subs , o 1226- (Kjeldahl), 7.9 ec 0.1 1 VHC 1 . 

Calc forCiHnOiN- N, 9.15 Found- 903 

The hydrochloride of this substance was also prepared by Kauffmann 
and Kugel 1 by reduction of the nitro compound with tin and hydrochloric 
add. 

2,4-Dimethoxy-chloroacetanilide.—This compound was prepared from 
the base as in previous examples and recrystallized from 50% alcohol, the 
yield being almost quantitative. It forms delicate needles which melt 
at 89.5-90° (corr.) with slight preliminary softening. It dissolves readily 
in the usual organic solvents in the cold, with the exception of ligroin, in 
which, however, it is appreciably soluble in the cold and readily on heat¬ 
ing. It is almost insoluble in cold water but dissolves fairly readily on 
boiling. 

Subs., o 1310- (Kjeldahl), 5 7 cc. 0.1 N HC 1 . 

Calc, for CnHuOjNCl: N, 6.11. Found- 6.09. 

2-Methory-4-ethoxy-acetanilide, 2 , 4 -CH 4 0 (CjH 50 )CJi a NHC 0 CH».— 
4-Acetamino-5-methoxy-phenol was ethylated by means of diethyl sulfate 
and aqueous potassium hydroxide in warm solution as described in previous 
examples. Recrystallized first with the aid of bone black from 25% alco¬ 
hol containing a few drops of acetic acid, then by dissolving in hot ben¬ 
zene and treating the solution with an equal volume of ligroin, the sub¬ 
stance forms pale pink, glistening platelets which melt slowly and con¬ 
stantly at 117.5-8.5° with slight preliminary softening. It dissolves 
readily in the cold in alcohol, acetone or chloroform, less easily in ether or 
benzene, and difficultly in ligroin or water. It is quite soluble in boiling 
water and dissolves in cone, sulfuric add with a faint pink color. 

1 Lot. tit. 

• B*r. t 44, 2387 (rgu). 
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Subs., 0.1536: (Kjeldahl), to.25 cc. 00714 N HC 1 . 

Calc, for CnHiiOiN- N, 6.70 Found: 667. 

2-Methoxy-4-ethoxy-aniline.—The acetamino compound was hydro¬ 
lyzed by boiling for V» hour with 1 : 1 hydrochloric acid and the base 
isolated by shaking out the alkaline solution with ether and fractionating 
the residue m vacuo. The yield was good. The amine forms a very 
viscous, practically colorless oil, which boils at 151.5-2.5 0 under a pressure 
of 12 mm and solidifies on chilling and rubbing. A portion was dissolved 
in a little benzene, diluted with ligroin, chilled, and let stand in the ice¬ 
box after seeding, separating as faintly pinkish rhombs which melt at 
27.5-8.5° (corr.). It dissolves readily in the usual organic solvents, less 
easily in ligroin. It is quite soluble in water, the aqueous solution giving 
a violet purple color with ferric chloride, finally depositing purple, micro¬ 
scopic needles. The base dissolves in dil. hydrochloric acid, separating 
from a sufficiently concentrated solution on rubbing as needles and short 
prisms. It is readily diazotized, coupling with R-salt to give a deep, 
purple-red color. 

Subs , o i860. (Kjeldahl), 15 35 cc 00714 N HC 1 . 

Calc, for C»H u OjN N, 8.39. Found: 8.25. 

2-Methoxy-4-ethoxy-chloroacetanilide. — This compound was pre¬ 
pared as in previous examples. Recrystallized twice from a small volume 
of 85% alcohol, then from ligroin, it forms flat, narrow, striated plates 
which soften slightly at 97 0 and melt slowly at 97.5-8.0“. It is very 
easily soluble at room temperature in acetone, chloroform, benzene, or 
toluene, less readily in alcohol, and is almost insoluble in cold water, more 
easily on boiling. 

Subs. 01615 (Kjeldahl), 9 15 cc 00714 N HC 1 . 

Calc for CuHuOiNCl N, 5 75. Found 5.66. 

4-Methoxy-6 - ethoxy - acetanilide, 4,6 -CHs0(QH 6 0)CiHjNHC 0CH». 
—4-Acetamino-5-ethoxy-pheuol (p. 1468) was methylated in the usual way 
with dimethyl sulfate and aqueous potassium hydroxide. When recrys¬ 
tallized first from 25% alcohol containing a few drops of acetic acid, with 
the aid of bone black, then from ligroin, the substance separates as faintly 
pink, silky needles which melt at 100.5-1 .o° with slight preliminary 
softening. It dissolves readily in alcohol, benzene, or acetone, less easily 
in ether, and is very difficultly soluble in cold ligroin, more easily on 
boiling. It dissolves sparingly in cold water, quite readily on boiling. 
The substance gives a faint yellow color with cone, sulfuric acid. 

Subs , 0.2209 (Kjeldahl), 14 9 cc. 0.0714 N HC 1 . 

Calc for CnHisOtN. N, 6.70. Found. 6.75. 

4-Methoxy-6-ethoxy-aniline.—11.3 g. of the acetamino compound were 
hydrolyzed with 1 :1 hydrochloric add. The chilled solution was de¬ 
canted from the crystals of the amine hydrochloride, which were taken 
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up in hot water and the solution cooled, made strongly alkaline, and shaken 
out with ether. After drying over potassium hydroxide and concentra¬ 
ting, the residue was fractionated in vacuo. 7.5 g. were obtained as a 
pale straw-colored, viscous liquid which boils at 144-4.5 0 under a pressure 
of 9 mm. and solidifies when chilled to a mass of thin platelets which melt 
at 22. 5 0 . It is readily soluble in the usual organic solvents and dissolves 
appreciably in water at room temperature, readily on heating. An aqueous 
solution gives a brownish color with ferric chloride, changing to dark 
purple and giving a precipitate of the same color. In dil. hydrochloric 
acid it gives a bluish solution with sodium nitrite, but the solution con¬ 
tains the diazo salt, as it couples with R-salt to give a red color. 

Subs., 0.1455. (Kjeldahl), 11.75 cc. 0.0714 JV HC 1 . 

Calc, for C»HuOsN: N, 8.39. Found: 8.08. 

4-Methoxy-6-ethoxy-chloroacetanilide.—The base was chloroacetyl- 
ated in the usual way. Recrystallized from 50% alcohol, then from toluene, 
it forms thick, almost colorless, glistening platelets which melt at 126-7° 
with slight preliminary softening. It is very easily soluble in chloroform, 
quite soluble in acetone, and rather sparingly in cold alcohol, but readily 
on boiling. 

Subs., o 1517: (Kjeldahl), 8.45 cc. 0.0714 N HC 1 . 

Calc, for CnHuOjNCl N, 5 75. Found: 5.57. 

24-Diethoxy-acetanilide, 2,4-(CjHtO)aC 6 HaNHCOCHs. —6.8 g. of 
4-acetamino-5-ethoxy-phenol were ethylated as in previous experiments. 
The yield was 4.6 g., melting at 117-8°. Recrystallized from 50% alco¬ 
hol, the diethyl ether forms silky needles of the same melting point. Will 
and Pukall, 1 who prepared the substance by reduction of phenyl-azo¬ 
resorcinol diethyl ether and acetylation of the amine hydrochloride, give 
120.5° 35 the melting point. The compound is very difficultly soluble 
in cold water but dissolves quite freely on boiling, the undissolved portion 
melting to an oil. 

2,4-Diethoxy-aniline.—The crude acetamino compound was hydrolyzed 
and the free base isolated as in previous examples. The residue from 
the ether extraction solidified on letting stand in a freezing mixture with 
occasional rubbing. It was again melted, taken up in a very little ben¬ 
zene, and diluted with several volumes of ligroin, chilled in a freezing 
mixture, and seeded. The base separated as pale brownish pink, flat 
needles and narrow platelets which melt at 33.5-4.0° (corr.) with pre¬ 
liminary softening. Will and Pukall give 32° as the melting point. 
The base seems quite stable in the air, and is smoothly diazotizable, coupling 
with R-salt to give a purplish red color. An aqueous solution gives a 
slowly developing, deep violet color with ferric chloride, followed by a 
precipitate of dark violet microscopic needles. 

1 Ber ^ 20,1127 (1887), 
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Sabs., 0.1330. (Kjeldahl), 7.3 cc. o 1 N HQ. 

Calc, for C10H11O1N. N, 7.74. Found: 7 69 
2,4-IMethoxy-chloroacetanilide. —One g. of the base was dissolved in a 
mixture of 5 cc. of acetic add and 5 cc. of saturated sodium acetate solu¬ 
tion, diluted with 30 cc. of 50% acetic add, and chloroacetylated in the 
usual way. After dilution the product was filtered off and recrystallized 
from 85% alcohol, separating as delicate, woolly needles, which melt at 
102-3 0 with slight preliminary softening. The substance is quite soluble 
in alcohol at room temperature, very readily in acetone, chloroform, or 
benzene. It is difficultly soluble in cold ligroin, readily on heating, and 
also dissolves sparingly in boiling water. 

Subs, o 1541- (Kjeldahl), 5 85 cc o 1 N HC 1 . 

Calc for CuHmOiNCI N, 5 44. Found- 5.32. 

Xiv Yojjic City 


NOTE. 

Correction.—In the paper on the “Constitution of Capsaidn,” appearing 
in the July number, 1 vaniflyl amine is by error described as 3-hydroxy-4- 
methoxy-benzylamine on pp. in8, in9, 1121, instead of 4-hydroxy-3- 
metnoxy-benzylamine. E. K Nelson. 
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An Advanced Course in Quantitative Analysis. By Hbnry Fay, Ph D , D Sc John 
Wiley & Sons, Inc , New York, 1917 Pp. vi + in 
Text books on quantitative analysis may usually be placed in one of 
two groups; either the author has selected methods with reference pri¬ 
marily to the training of the student in the principles of quantitative 
analysis and in stoichiometry and has ignored the practicability of the 
methods described or else he has based his text book upon current and so- 
called “standard methods.” In the latter ease, too often, simplified man¬ 
ipulation, rapidity and occasionally great accuracy are the reasons for the 
selection of the material and the question of the effect upon the student 
of such a course is apt to be overlooked; the main idea being to have the 
student become proficient in the methods of analysis used in the indus¬ 
tries. 

Professor Fay has tried to produce a text which falls in neither extreme 
group. The material he has selected has been “chosen to illustrate prin¬ 
ciples and to train the student in manipulation.” Since the author’s 
Work and interests lie mainly in iron, steel and commerical alloys, in which 
field he is a recognized authority, it is not surprising to find the bulk of the 
book devoted to the analysis of steel and closely associated raw and 
finished materials. Although the methods given have been selected 
1 This Journal, 4*1 « 15 (1919). * 
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with discriminating skill and are ably, accurately and minutely described, 
probably not a few teachers will question the soundness of a course in 
advanced quantitative analysis based entirely upon products of a similar 
nature ( e. g., ores and alloys). Even though the methods include varied 
manipulation there must perforce be a certain sameness of viewpoint and 
the student is not apt to acquire so satisfactory a foundation as if he were 
required to analyse materials of very different nature; for after all a 
course in advanced quantitative analysis should give the student some¬ 
thing more than increased manipulative skill and stoichiometric ability. 

It is, however, gratifying to find a text book in which the author has re¬ 
frained from introducing all the numerical data and all the factors necessary 
for the calculation of results, leaving little for the student to do but go 
through the procedure like a machine. It is no wonder that the complaint 
is made that our young chemists do not know how to calculate the results 
of an analysis unless a text book is at hand. Professor Fay is to be con¬ 
gratulated upon his foresight in giving the student merely the necessary 
formulas and a few reactions and requiring him to compute his factors and 
calculate in full all his results. 

The description of methods and details as to manipulation are dear and 
concise and are more comprehensive than are generally to be found in 
text books of this small size. The plan followed has been to give first in 
detail the method of procedure but with no reasons therefore or cautions 
as to difficulties to be encountered or possible sources of error. This 
concise description is in every instance followed by a series of excellent 
“Notes”—wherein the chemistry involved is discussed at length and full 
reference to the literature given. The bibliographic references are in 
fact a very valuable feature and raise the book to a plane somewhat above 
that of an ordinary text book. 

The author has divided the subject matter into two parts. Part I— 
Mineral Analysis in which the following analyses are described and dis¬ 
cussed: Determination of silica in a decomposable silicate, in a refractory 
silicate; determination of potassium and sodium in silicates (J. Lawrence 
Smith and perchloric add methods); analysis of spathic iron ore; determi¬ 
nation of sulfur in pyrite (4 methods); determination of titanium in titanif- 
erous iron ore; Low’s iodimetric determination of copper in copper ores; 
analysis of coal. Part II—devoted to the analysis of commercial alloys, 
includes phosphor-bronze; determination of carbon, manganese, phos¬ 
phorus, sulfur, copper, nickel, chromium, tungsten, and vanadium in 
Steel; determination of sulfur and of silicon in cast iron. 

A table of atomic weights and a table of 4 place logarithms completes 
the book. 

The pages are attractive with dear, black, legible type and are free from 
fine type and specially arranged paragraphs. E. M. Chamot. 
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A System of Physical Chemistry. 2nd Edition, in 3 volnm • o III, Quantum 
Theory. (Text-books of Physical Chemistry, edited by Sir Wm. Ramsay.) 
By Wm. C. McC. Lxwts, M.A. (R U. I.), D.Sc. (Liv.), Brunner Prof, of lhys. 
Chemistry in the Univ of Liverpool. Longmans, Green and Co., New York, 
1919. viii + 209 pp., 14 figures. 14 5 X 22.5 cm. $2 50 net. 

This is the third volume of Professor Lewis’ “system” of physical 
chemistry. It presents a very complete survey of the numerous fields in 
which quantum theory has been applied. 

The quantum theory itself is in a very shadowy stage of development, 
and Professor Lewis has attempted merely to bring together a complete 
account of existent work, rather than to clarify and sharpen the outlines 
of the theory itself. Perhaps this is all that can be done with profit at 
the present time, although I miss in this book such attempts at a logical 
development as were made by Planck in his original book, as have been 
made by Jeans (see for example the last edition of his “Dynamical Theory 
of Gases”) or, at the risk of impertinence, as I have myself essayed (“A 
General Theory of Energy Partition with Applications to Quantum 
Theory”). 1 The book does not even contain a complete mathematical 
development of the classical equipartition theory, from which quantum 
theory is a variant. 

The enormous range of application of the quantum idea is well shown 
by Professor Lewis’ collection of material. Thus we find the fundamental 
quantity “A” which first occurred in Planck’s radiation formula, now 
occurring in all the various proposed formulas of Einstein, Nemst-Linde- 
mann and Debye for the specific heat of solids, in BjerTum’s, Kruger’s and 
Euchen’s expressions for the specific heat of gases, in Bohr’s treatment of 
the spectra of the elements, in all discussions of the photoelectric effect 
and the inverse photoelectric effect, in expressions for minimum ioniza¬ 
tion potential for gases, in calculations of the amount of radiant energy 
necessary to produce photochemical reactions, in expressions for the tem¬ 
perature coefficient of the rates of ordinary chemical reactions and in 
expressions for the mass action constant of ordinary chemical equilibria, 
etc. 

The clearest cut example of the importance of ”h” is of course the 
photoelectric effect, but it seems certain that whatever our final quantum 
theory becomes, the quantity “h" has permanently entered physical 
science and will be used in the treatment of many, if not all, of the phe¬ 
nomena listed above. 

Professor Lewis’ adequate collection of material from many sources 
makes the book an indispensable one for scientists who wish to assist in 
the clarification of the quantum theory. 

It is interesting to note that the major part of the original work in this 
‘Pkyt. Ret., u, 261 (1918). 
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h ; ghly theoretical field has been done by Germans, much of it appear¬ 
ing during the war, and that the most important contributions to quantum 
theory from other sources comes from a group of brilliant Englishmen. 
Let us hope that this will argue for a future cooperative spirit in the affairs 
of science and the world. Richard C. Tolman. 

A Textbook of Physical Chemistry. By Azariah T. Lincoln. D C. Heath and Co. 

1918. vi + 547 pp 14 X jo cm. $3 50 

This book is intended primarily for beginners in the subject of Physical 
Chemistry and follows in general the usual lines for such texts. The 
author has found from his experience that it is necessary to review the 
fundamental concepts which have been given to the" students in their 
elementary work. The first 7 chapters are mainly devoted to this pur¬ 
pose as well as parts of many other chapters. The author also recognizes 
that it has been necessary to exclude subject matter which he would 
gladly have presented, and presumably would have treated more ex¬ 
haustively some subjects introduced had space permitted. 

These difficulties seem to be generally experienced by teachers and 
text-book writers on Physical Chemistry. There is a tendency to go further 
back “to get a start,” a situation which has resulted not from choice but 
from the necessity of getting results. Physical Chemistry deals with 
the theoretical and fundamental side of the science and should be intro¬ 
duced as early and as completely as possible in the elementary teaching 
and in all courses in chemistry. Due to the popularity of the subject, 
this has been done to an extent that is most gratifying to the physical 
chemist; but in view of experiences with third year students, one wonders 
whether there are not some real difficulties and particularly whether 
ideas have not frequently been introduced before a sufficient background 
of chemistry had been imparted to enable the student to grasp them. 
Certain it is that many of these students acquire a very superficial con¬ 
ception of important ideas which have been presented to them, and what 
is most unfortunate they often seem to have been rendered immune from 
gaining any real conception of these ideas. A revision of courses in gen¬ 
eral chemistry must give most careful consideration to this point and to 
the question of perspective so that the student may have some idea of the 
extent and importance of the various branches of the science. The stu¬ 
dents who elect the full course in chemistry are presumably the best of 
the beginners and most interested in the subject, so that for them little 
overlapping or repetition should be necessary. 

The difficulties have been met by the author quite as well as in several 
of our recent text books; the derivation of the gas equation by a direct 
application of a theorem in variables is perhaps to be preferred to either 
of the two methods given and the experimental data and methods of ar- 



riving at the value of the unit volume of an ideal gas would be to the point 
as considerable and proper attention has been given to gas laws, kinetic 
theory and gas reactions. The various theories of solutions are presented 
with a chapter on concentrated solutions, one on hydration, and one on 
hydrolysis. There are chapters on thermochemistry, colloids, and rate 
of chemical reactions. The appendix contains an interesting collection 
of problems, many taken from the industrial world and arranged par¬ 
ticularly for the convenience of the instructor. The author seems to 
have presented a very workable text-book. G. A. Huustt. 
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The only strictly chemical method for the preparation of free fluorine 
which has shown satisfactory possibilities up to the present time is the 
decomposition of the double salt tripotassium lead hydrogen octafluoride 
3KF.HF.PbF4, by heat. This compound was prepared in pure con¬ 
dition and studied for the first time by Brauner, 3 who showed that the 
molecule of hydrogen fluoride could be completely removed at tem¬ 
peratures below 250 °, and that fluorine is evolved above 250 °. In 
recent years doubts have been expressed by some chemists that such a 
discovery was really in accordance with the facts. By using this method, 
howftver, it has been found possible in the researches to be described 
1 Published by permission of the Director of the Chemical Warfare Service. 

The general problem of the preparation and use of tripotassium hydrogen lead 
octafluoride was suggested by Captain A. B. Ray, and the investigations begun under 
his supervision and with the assistance of Messrs. I. M. Colbeth and J. H. Card, at the 
American University Experiment Station, Washington, D. C. 

The intensive solubility measurements, and all of the work on riisodiurn lead 
hexafluoride were subsequently carried on by the author independently. 

* J. Chem. Soc., 65, 393 (1894). 
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in this paper to prepare quite successfully bromine trifluoride and iodine 
pentafluoride by permitting the fluorine evolved in the heating simply 
to pass over bromine and iodine, respectively. 

The double salt 3KF.HP.PbF1 was prepared, following the directions 
of Brauner by dissolving potassium plumbate (made by fusing potassium 
hydroxide with lead dioxide) in fairly concentrated hydrofluoric acid and 
evaporating off the excess aqueous acid. The double salt crystallizes 
from the concentrates in well-formed monoclinic needles. In the 
present work, however, it has been found that there are several 
factors influencing yield and purity of the salt which make the 
apparently simple process one of relative complexity. Several samples 
prepared under slightly differing conditions were found to give 
different analyses. In some cases when the salt was being used for 
the purpose of generating fluorine, all of the hydrogen fluoride could 
not be driven off below 250°, indicating contamination with potassium 
hydrogen fluoride which does not readily evolve hydrogen fluoride below 
500°. This study was undertaken, therefore, to discover if possible, 
the exact conditions necessary for the preparation of pure tripotassium 
lead hydrogen octafluoride and what yields might be expected. It has 
involved the preparation and properties of potassium plumbate, and 
the determination of various solubility and hydrolytic effects. In 
addition to this, inasmuch as the scarcity of potassium hydroxide at 
once makes commercial applications of the process doubtful, the prob¬ 
lem of substituting sodium hydroxide was undertaken. This has resulted 
in the isolation and study for the first time of the sodium double salt of 
lead tetrafluoride, as a source of fluorine. The steps in the preparation 
of both potassium and sodium salts will be considered in order and com¬ 
parisons made. 

The Preparation and Properties of Potassium and Sodium Plumbates. 

In the preparation of tripotassium hydrogen lead octafluoride Brauner 1 
directs that potassium hydroxide and lead dioxide be fused directly 
together in a silver dish in the proportion of 3 molecular weights of 
potassium hydroxide to one of lead dioxide. Experiments of the author 
show that when the hydroxide is brought to a clear melt at 360° and 
tlie lead dioxide then added in small quantities, reaction takes place 
and the final product is in the form of a stiff paste almost the color of 
lead dioxide, having the approximate composition of 3KOH.PbOj, or 
more nearly K 2 PbOj.KOH since water formed according to the reaction 
3KOH + PbO: = KjFbOs.KOH + H 2 0 
is driven off at the high temperature of the melt. At this temperature 
also there is apparently some decomposition as shown by 3 facts: (1) 

1 Loc. cit. 
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a yellowish color due to the presence of lead oxide; (2) the formation of 
some potassium tetraoxide either alone or loosely combined which results 
in the evolution of oxygen when the plumbate paste is added to water 
or aqueous hydrofluoric acid; and, (3) the precipitation of an insoluble 
crystalline complex fluoroxyperplumbate from the solution in hydro¬ 
fluoric acid, 

This decomposition is due in part to the action of heat upon lead 
dioxide in its loose combination in this salt, causing a complete breaking 
of the molecule into its constituents and the reduction of Pb 0 2 to PbsO, 
and then to PbO by oxidation of K 2 0 to K 2 0 4 , and in part to hydrolysis 
at this high temperature of the potassium plumbate to potassium hy¬ 
droxide and colloidal plumbic acid by the water formed in the reaction. 

The addition of a third molecule of potassium hydroxide, besides 
making available the requisite proportions for the preparation of the 
potassium double fluoride, also, as a mass' action effect, stabilizes the 
fusion. Sufficient liquid potassium hydroxide is formed to make it 
possible for all the lead dioxide to be stirred into a homogeneous fused 
paste without necessitating elevation of the temperature as high as 
350 °. It was deemed advisable to try the effect of adding water in small 
quantities to the hydroxide, resulting in a solution more properly speaking 
of water in molten potassium hydroxide which can remain liquid at ioo°. 
With this solution lead dioxide reacts easily to form a homogeneous paste 
from which excess water may be driven at ioo° without decomposition. 

In the presence of water a somewhat different condition is found than 
in fusion of dry potassium hydroxide and dry lead dioxide. True potas¬ 
sium plumbate is really a salt of hexoxyplumbic acid, H 2 Pb(OH)s 
or Pb0».4H 2 0, and has been obtained as K 2 Pb0 3 .3H 2 0 in the form of 
pure crystals from strongly concentrated solutions evaporated in a 
vacuum. This verifies the work of Fremy, 1 Seidel,’ and Bellucci and 
Barravano. 8 It is found, however, that this salt is not a true hydrate, 
inasmuch as the 3 molecules of water cannot be driven off without com¬ 
pletely decomposing the salt. This leads to the belief that the water 
is a necessary integral part of the molecule and that the formula is more 
properly K 2 Pb(OH) 6 . ‘At temperatures below ioo° the salt is entirely 
stable even in the presence of the excess potassium hydroxide. At 150° 
decomposition is apparent only by a lighter color of the surface exposed 
to air. Decomposition seems to take place according to the equation 
K 2 Pb(OH)« = 2KOH + PbO + O + 2 H s O. 

It is at once clear, therefore, inasmuch as the molecular identity of 
K»PbOj.3HjO is fairly certain while the existence of KjPbOs is very 
1 Ann, chim. phys., [3] 12, 488 (1844). 

1 J. prakt. Chem., 20, 200. 

8 Z. anorg. Chem., 50, 101 and 107 (1906). 
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doubtful, that by using water in making the fusion of potassium hy¬ 
droxide and lead dioxide and thus avoiding high temperatures, a plumbate 
of much more definite composition is possible. While it is true that 
reduction of the tetravalent lead to lower oxides is brought about at 
much lower temperatures if K 2 Pb(OH)« is present, than in a fused mix¬ 
ture of dry lead dioxide and potassium hydroxide, yet it is found to be 
unnecessary to raise the temperature above 150°. Another advantage 
of adding water is found in the fact that much of the powerful corrosive 
property of an oxidizing agent fused with an alkali upon the containing 
vessel is avoided, since such action is a function of concentration and 
temperature. Porcelain dishes are most suitable for this purpose, since 
the glazing is only slightly attacked, while nickel and copper vessels are 
strongly corroded. 

Several experiments have been tried varying the amounts of water 
in the fusion. An amount not over */s the weight of the potassium 
hydroxide gives best results, while even ’/w permits homogeneous fusion 
below 200°. 

Larger amounts of water exert a remarkably definite effect in hydro¬ 
lyzing these compounds. For example, the action of vrater on K2Pb(OH)e 
is 

K 2 Pb(OH) 8 + 2IW = 2KOH + HjPb(OH)e 
HjPb(OH) 6 = H«PbO< + 2 H 2 0 
or 

K,Pb(OH), 2KOH + H,PbO«. 

This proceeds from left to right preponderantly in the presence of 15 
to 20% of water as indicated by the immediate precipitation of lead 
dioxide. 

Sodium hydroxide acts quite differently from potassium hydroxide in 
its ability to form plumbates with lead dioxide. It has been shown 
already that by melting an excess of potassium hydroxide in water and 
adding lead dioxide, KsPbCb^HjO may be obtained pure as crystals 
from the solution evaporated in a vacuum. There is only one statement 
to be found in the literature that any analogous sodium salt can be sim¬ 
ilarly prepared. Bellucci and Barravano 1 state that with great diffi¬ 
culty a very small quantity of powder was obtained which they thought 
to be the sodium salt. No analyses are given. Hohnel 2 claims that 
he obtained sodium plumbate by fusing together lead oxide and sodium 
peroxide, and that it is immediately hydrolyzed by water. It is quite 
clear that the sodium plumbates are very much less stable than the 
potassium. In this work it has been found mechanically impossible 

1 Loc. cit. 

2 Arch. Pharm., 232, 222 (1894). 
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to fuse together dry sodium hydroxide and lead dioxide Impurities 
such as sodium carbonate in the caustic raise its melting point far above 
318°. At such temperatures the lead dioxide is very rapidly reduced 
to plumboplumbic oxide and to lead oxide so that the resultant mass 
is simply a crumbling powder of a mixture of sodium hydroxide and 
lower oxides of lead Practically no plumbate is formed, as shown by 
the fact that the hydrofluoric acid to which the substance is added dis¬ 
solves selectively only the sodium hydroxide together with a small quan¬ 
tity of both bivalent and tetravalent lead oxides. While lead fluoride 
is soluble to the extent of o 6491 g per liter of water 1 no lead is detecta¬ 
ble by any qualitative test in 50% hydrofluoric acid containing in solution 
more than 100 g. sodium hydrogen fluoride per 1000 g of water 

In view of these difficulties all subsequent efforts to prepare plum- 
bates of sodium have been made by means of very concentrated solutions 
of sodium hydroxide Enough -water is necessary in order that all of 
the lead dioxide may be stirred m homogeneously^ Reaction occurs 
vigorously, forming first a greenish thin paste As more dioxide is added the 
color more nearly approximates the dark brown In any case the caustic 
solution is brought simply to boiling and the source of heat then entirely 
removed while the dioxide is being added Sufficient heat is generated 
by the reaction to keep the mass warm Temperatures above 100° 
cause rapid decomposition by combined action of the air and hydrolytic 
effect of the water present Even while the reaction is earned on over 
a water bath, the sodium plumbate once formed rapidly undergoes 
change. 

In the belief that the sodium double fluoride of lead tetrafluoride 
might be entirely analogous to the potassium salt, 3KF.HF.PbE4, a 
number of fusions were undertaken using the proportion of 3 molecules 
of sodium hydroxide to one of lead dioxide With 150 g. of hydroxide 
and 300 g. of dioxide, it is found necessary for best conditions to add 75 
g. of water, which is 50% of the weight of the caustic or 14% the 
weight of the total. Dissolving the sodium hy'droxide in this and bring¬ 
ing to boiling, the source of heat is removed and the lead dioxide added 
with stirring The resultant mass is a homogeneous, almost solid paste. 
When this stands in air, or when any attempt is made to dry it in the 
neighborhood of ioo°, rapid decomposition takes place. Using only 50 
g. of water with the same mixture as indicated above results in the solidi¬ 
fication of the mixture before all the lead dioxide is added. The mass 
is therefore heterogeneous and considerable dioxide lost when solution 
in hydrofluoric acid is made. More than 75 g. of water enables the 
plumbate to be prepared easily, but the paste is thinner, depending upon 
the amount of water used. The excess water serves then simply to 
1 Kohlrausch, Z pkys Chem , 50, 365 (1904) 
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dilute the hydrofluoric acid when solution is made, thus reducing mate¬ 
rially the general efficiency of the acid in dissolving a maximum amount 
of the sodium double fluoride without hydrolysis. 

It is quite apparent that sodium plumbates are much less well defined 
and much less stable than the potassium salts. The experiments iust 
described seem to indicate that in the presence of water the compound 
Na2Pb0 3 .6H 2 0 is formed chiefly, whereas the potassium salt is a tri¬ 
hydrate. The latter is quite stable at 100° while the sodium salt is quite 
rapidly decomposed at that temperature. Hydrolysis takes place im¬ 
mediately when water is added. Thus when making a fusion of 150 
g. of sodium hydroxide, 300 g. of lead dioxide and 75 g. of water, the 
caustic is dissolved in 50 g. of water, the dioxide added until the paste 
is thick, and then the other 25 g. of water is added w'ith the remainder 
of the oxide, a complete hydrolysis of the plumbate already formed is 
indicated by the separation of lead dioxide. But if all the water is 
introduced into the solution of sodium hydroxide before any additions 
of dioxide, reaction takes place without difficulty. This indicates that 
the water is therefore voi water of hydration but an integral part of the 
molecule which is unstable enough to decompose easily at low temper¬ 
atures. The presence of the excess molecule of sodium hydroxide, just 
as in the case of the potassium salt, has a stabilizing influence upon the 
fusion. 

When as a result of careful analysis it was found that the sodium double 
fluoride of lead tetrafluoride contains only two molecules of sodium 
fluoride and is not therefore the analog of the compound 3KF.HF.PbF4, 
the preparation of sodium plumbate was begun, using 2 instead of 3 
molecular weights of sodium hydroxide to one of lead dioxide. The 
proportions most satisfactory are sodium hydroxide 160, lead dioxide 
478, and water 100. The reaction runs quite the same as before, the 
only difference noted being a somewhat smaller stability towards the 
action of heat and air. The effect of the excess hydroxide in the first 
fusions upon the solubility relationships and percentage yields of the 
double salt from hydrofluoric acid solution will be fully discussed in 
another section of this paper. 

The outstanding conclusion of this study and comparison of the plumb¬ 
ates is quite favorable to the use of potassium plumbate for preparing 
a double salt from which fluorine may be driven by heat. Great care 
is necessary in order to prepare and keep sodium plumbate of fair degree 
of purity. In this connection it may be noted with interest that one 
of the methods of preparing lead dioxide is by the hydrolysis of sodium 
plumbate, NazPbCh, which is made by fusing together lead oxide, sodium 
nitrate and sodium hydroxide.* With proper precautions, such as the 
proper amount of water and low temperature, Na2Pb0».6H 3 0 may be 
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prepared and used to advantage in forming the sodium double fluoride 
of lead tetrafluoride. 

The Preparation and Properties of Tripotassium Lead Hydrogen 

Octafluoride. 

In order to prepare this salt, the plumbale made as indicated in the 
preceding section is added a little at a time to strong aqueous hydro¬ 
fluoric acid. Complete solution is observed at first but as the acid be¬ 
comes weaker, some lead dioxide begins to separate out. At this point 
further addition of plumbate is stopped, since it would be decomposed, 
with separation of lead dioxide and solution of potassium hydroxide to 
form potassium hydrogen fluoride. This salt in turn decreases the solu¬ 
bility of the octafluoride in the aqueous hydrogen fluoride so that there 
is loss of material already dissolved. As the double salt dissolves, the 
solution warms. If the plumbate has been heated to too high a tem¬ 
perature and potassium tetraoxide formed, oxygen is evolved in the 
process of solution and a dark crystalline complex compound, probably 
a fluoroxyperplumbate, is precipitated even in the beginning. 

After standing a short time in order to permit the lead dioxide and 
metallic fluoride impurities to settle, the solution is filtered through 
paper supported by several layers of cloth. The clear filtrate in lead 
dishes on sand baths is evaporated very gently in a stream of air. When 
crystals begin to form, the evaporation is carried on with extreme care. 
At this point there is great danger in obtaining crystals of the double 
salt contaminated with potassium hydrogen fluoride which remains in 
the mother liquor. If the addition of potassium plumbate has been 
carried only to the point where lead dioxide just begins to separate, the 
solution may very safely be evaporated to a very small residual volume 
with the possibility of only small contamination. It is essential, there¬ 
fore, that an excess of hydrogen fluoride be kept always present. Very 
slight excess of plumbate after lead dioxide first begins to separate from 
the solution produces enormous solubility changes. In one instance 5 
g. excess was added, the solution allowed to come to equilibrium, filtered 
and evaporated to dryness. The resulting pure white crystals upon 
analysis showed 24.22% lead while the pure octafluoride contains 43.4% 
, lead. The mass is therefore almost half potassium hydrogen fluoride. 
Contamination with this salt is serious, inasmuch as the hydrogen fluor¬ 
ide cannot all be driven out below 250°, and therefore comes over with 
fluorine. It is true, however, that the hydrogen fluoride may be re¬ 
moved from the fluorine by passing the gases over fused potassium fluor¬ 
ide or through a condenser cooled with carbon dioxide-acetone mixture. 
In the preparation of the pure salt, 3KF.HF.PbF4, it is important, there¬ 
fore, to separate as completely as possible the first crystals which form 
from the mother liquor. 
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Except for analysis of the double salt, Brauner’s work on the octo- 
fluoride which is the only instance in the literature, was strictly of a 
qualitative nature. It was deemed advisable, therefore, to make as 
complete a study of this salt as possible with a view to controlling purity 
and yields. 

Methods of Analysis. 

The analysis of the complex salt once obtained presents no great diffi¬ 
culties. The most refined method for a quantitative determination of 
lead is to dissolve the double salt in strong nitric acid, the valence of 
lead thereby being reduced to two. The solution is diluted, sulfuric 
acid added and lead determined as the sulfate in the usual way. Po¬ 
tassium is determined as the sulfate in the filtrate by evaporating to 
fumes with excess sulfuric acid, and then igniting at a low red heat. In 
order to determine fluorine, another portion of the nitric acid solution 
and tripotassium lead hydrogen octafluoride is diluted and the lead pre¬ 
cipitated as sulfide by hydrogen sulfide, some sulfur also being formed. 
The filtrate is made slightly alkaline with sodium carbonate and calcium 
chloride added in order to precipitate calcium fluoride. 

In the course of these experiments, however, a very much simpler 
method of analysis has been found to be of great value as a time saver, 
at the same time being capable of a fair degree of accuracy. Water 
quantitatively hydrolyzes 3KF.HF.PbF4 according to the reaction 
2 ( 3 KF.HF.PbF 4 ) + 4 H 2 0 = 3 K 2 F 2 + 5 H 2 F 2 + 2 Pb 0 2 . 

The lead dioxide precipitates out and may be filtered off and weighed 
as such. In some instances the product was collected on tared filter 
papers, but better results were obtained by the use of alundum crucibles. 
The dioxide is dried at 105 °. Even at this temperature small amounts 
of water may be retained resulting in results slightly too high. This 
difficulty may be Overcome by igniting to the monoxide and again weigh¬ 
ing. 

The filtrate is a solution of potassium fluoride in aqueous hydrogen 
fluoride. Part of it is titrated with standard alkali to determine fluorine 
as hydrofluoric acid formed by hydrolysis, together with the acid present 
as such in the original molecule. The rest of the solution is evaporated 
to complete dryness, ignited at 500° to decompose the potassium hydro¬ 
gen fluoride and the residue weighed as potassium fluoride. These 3 
very simple operations therefore enable the rapid determination of lead, 
fluorine and potassium. 

In the preparation of samples of crystals of the pure double salt, of 
total solids, and of acid solutions for analysis, potassium plumbate care¬ 
fully prepared as described was added in small quantities to aqueous 
hydrogen fluoride until the separation of lead dioxide became apparent. 1 

1 Commercial hydrofluoric acid analyzing 50% and containing hydrofhioatticic 
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The solution was then allowed to cool and to come to complete equi¬ 
librium by standing, and filtered. The clear filtrate was divided into sev¬ 
eral parts: 

Part 1 was very carefully evaporated until well-shaped crystals began to 
form, and then placed in a vacuum desiccator until crystallization was 
complete. The crystals were removed from the mother liquor and dried 
repeatedly between filter papers. It is necessary that the operation 
proceed very rapidly as otherwise moisture in the air begins to cause 
darkening of the crystals by hydrolysis according to the equation 
3KF.HF.PbF4 + «HjO = Pb 0 2 .H 2 O + 3KF.HF + 2H 2 F 2 + (n — 3)H t O. 
The crystals so obtained w’ere analyzed by the method outlined for lead, 
potassium and fluorine. The presence of one molecule of hydrogen 
fluoride was detected by titration after hydrolysis of the salt. 

Part 2 of the solution was evaporated to complete dryness in order to 
determine the total double salt and the potassium hydrogen fluoride in 
solution. This was then subjected to complete hydrolysis, the lead 
dioxide filtered off, dried and weighed, and from the amount of lead so 
determined, the weight of the pure octafluoride was calculated. Sub¬ 
traction of this value from the weight of the total solids gave the weight 
of potassium hydrogen fluoride. By titrating part of the filtrate from 
the lead dioxide for acidity and evaporating a part to dryness to deter¬ 
mine potassium as potassium fluoride, a check could be established on 
the ratio of double salt to potassium hydrogen fluoride. 

Part 3 of the solution was diluted with a large volume of water to 
complete hydrolysis, and the lead dioxide filtered off and weighed as 
a further check. The filtrate was then titrated with standard sodium 
hydroxide solution in order to determine what may be termed total 
acidity. This includes the concentration of hydrogen fluoride formed 
by the hydrolysis of the double salt and that of the acid in which the 
double salt is dissolved. Knowing the total solids in solution and having 
determined in Part 2 the so-called partial acidity, or the amount of 
hydrogen fluoride formed by their action with water, it was thus possible 
by subtraction to determine the strength of the acid solution and the 
amount of water preseift. 

Part 4 of the solution was titrated carefully with water until a slight 
brownish tinge was apparent, indicative of incipient hydrolysis. This 
amount of water was then added to that known to be present in the 
solution as determined in Part 3 and the later concentration of free hydro¬ 
gen fhaoride in the solution thus determined. The solution was eom- 
and sulfuric adds as impurities was used in these experiments. The use of acid of 
lower concentration is entirely impracticable as will be evident from the solubility 
data. Anhydrous liquid hydrogen fluoride cannot be used because of its immediate 
evaporation by the heat generated in the reaction. 
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pletely hydrolyzed, the lead dioxide filtered off and weighed and the 
filtrate evaporated to dryness. The residue was ignited to red heat and 
weighed as potassium fluoride. All evaporations and titrations were 
conducted in nickel or “Bario” vessels. 

The results of these determinations are summarized in Table I, the 
divisions of which correspond to the 4 parts of the solution just described. 
The solubility relationships of the octafluoride and potassium hydrogen 
fluoride alone and together in hydrofluoric acid at different concentra¬ 
tions are shown in Table II. 

Tabus I. 

Analyses 


3 KOH 1 PbOi in H*F» 

2 NaOH 1 PbO* in HjFj 

111 H2F1 

1. Pure crystals , 

G.taken.. 0 7433 1 

0 3758 PbOa 

0 3233 PbO 

0 4749 CaFa 

/ I 1020 PbC>2 

1 6770 1 0 3840 (NaF) 


0 6101 | 

0 3088 PbOs 

0 2645 PbO 
; 0 3330 K,SO, 

/ 1 8885 PbOa 

2 7880 \ 0 6274 (HF) 


Calc, for 3KF.HF PhF, 


(aNaF.PbF,): 


3 K 

24 60 

2NaF 22 89 


Tb 

43 35 

Pb 56 40 


8F 

31 «4 

4HF 21 73 
(Hydrolysis PblY) 


% composition 




Found . . K 

24 53 

NaF 22 86 


Pb 

f 43 36 
l 43 35 

Pb I 86 90 
l 56 45 


F 

3 i 23 

HF 21 80 


2. Solute, a. Total solids 




Wt. solution . . 

6 3003 

5 7067 23 4180 

55 4120 

Wt. dry residue. 

0 8153 

2 2775 

4 it >30 

% solids. 

12 94 

9 726 

7 4 ° 

4. Pure double salt: 




Wt. solid. 

0 8153 

1 2490 

4-1030 

Wt, PbOa from hydrolysis. 

0 3545 

0 3353 0 1845 

18300 

Wt pure, double salt. . 

0 7075 

O 6682 I 2020 

2 810 

% pure, double salt. 

11 23 

u 27 9 358 

5 07 

c. Alkaline acid fluoride 




Wt. in total solids (a) 

0 ro78 

O O470 

1 293 

% in solution. 

1 7 i 

0 368 

2 33 

d . Normal fluoride (check). 




Calc, (double salt + acid 




fluoride). 

0 3383 



Found. 

0 3367 



3. Solvent (original acid 49-50%): 



a, Partial acidity (hydrolysis of solids): 



Wt. solid. 

0 8153 

2 2775 

4 1030 

Wt. H 2 Fi. 

0 1302 

O 49OO 

0 7744 

% HaFi. 

1*0 

17 68 (calc.) (17.87) 

18.87 
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2NaOH IPbOj 3NaOH IPhO. 


3 KOH IPbOfl in H»Fj 


m H1F1 

in H1P1 

ft Total acidity (solvent + a) 





Wt solution 

5 7067 


12 8439 

103.3280 

Wt total solids 

0 7379 


I 2490 

7 6460 

Wt H 2 F 2 4- HjO 

4 9688 


11 5949 

9S 6820 

Wt total H 2 F 2 (titration) 



4 700 

37 0S45 

r Solvent concentration (ft — 

a) 




% H 2 F 2 

29 10 


38 61 

37 23 

'r H.O 

70 90 


Si 39 

62 77 

4 Solvent concentration at solute hydrolysis 




Wt solution 

5 7067 


12 8439 

5 5650 

Wt HsO added to incipient 




hydrolysis 

3 So 


5 8s 

20 O 

Cone of H ; F. ( c /,) 

17 0 


24 5 

8 0 


Table 11 




Solubility Relationships 



a Solubility of KsKs at 25 0 

in 100 g 

of H 2 0 


G HtF* 

Vo HiF* 

G K1F1 

% k.f 2 


0 0 

O 0 

96 3 

48 0 


1 61 

i 5 

61 0 

37 5 


6 05 

T 7 

30 4 

22 3 


12 *5 

11 1 

30 <j 

21 3 


iG 0 

13 * 

33 4 

22 3 


20 7 

17 2 

38 4 

2+ I 


28 6 

22 3 

4b 9 

26 7 


42 0 

30 0 

61 8 

10 0 


100 0 

so O 

136 0 

40 5 


ft Solubility of yKF HF Pl)I r i at 25° in 

O 

[Tj 

he 

8 


% HiF, 

% KzFs 


% salt 


0 

O 


Hydrolyzes 


29 1 

I 71 


11 23 


30 0 

O 


12 21 


17 0 

I 71 


Hydrolyzes 


20 O 

O 


Hydrolyzes 



20 o 25 o' 17 

The Preparation and Properties of Disodium Lead Hexafluoride. 

No record is to be found in the literature of the isolation and study of 
any double salt of sodium fluoride with lead tetrafluoride. Confronted 
by the necessity of substituting sodium hydroxide for the more expensive 
potassium hydroxide in preparing a salt to serve as the basis for obtain¬ 
ing fluorine, this study has necessitated the isolation and analysis for 
the first time of the double salt containing sodium. It seemed upon 
first thought that the formula of the sodium compound should corre¬ 
spond exactly to the potassium compound. Sodium plumbate was there¬ 
fore prepared in the proportion of 3 molecular weights of sodium hy- 

1 At higher concentrations of potassium hydrogen fluoride, lead dioxide itself is 
soluble. 
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droxide to one of lead dioxide, observing the very particular conditions 
to prevent decomposition which have already been explained. Solution 
was made in hydrofluoric acid, the salt so formed analyzed and studied 
exactly as in the case of tripotassium hydrogen lead octafluoride. Re¬ 
peated trials led to samples giving widely differing analyses so that it 
was impossible to calculate an exact formula. One sample analyzed 
according to the methods already described as used for the potassium 
double salt, contained 8.63% of lead, 32.37% sodium and 48.53% of 
fluorine, corresponding almost exactly to the formula 6NaF.4HF.PbF4. 
It soon was evident, however, that this sample was merely a large amount 
of sodium hydrogen fluoride containing a little of the true double salt. 
It was remarkably stable towards hydrolysis by water, was quite diffi¬ 
cultly soluble and evolved hydrogen fluoride in amounts indicating the 
presence of sodium hydrogen fluoride. Another sample contained 14.46% 
of lead and 26.49% of sodium. It was reasoned from this that there 
must be excess sodium hydroxide in the plumbate which, when dissolved 
in hydrofluoric acid, resulted in the formation of sodium hydrogen fluo¬ 
ride'along with the double fluoride of lead tetrafluoride, and that they 
could not be as easily separated from each other as are the corresponding 
potassium compounds because of the comparatively small solubility of 
sodium fluoride. The work of Marignac on the double fluorides of tin 
tetrafluoride furnished an analogy. This worker isolated tripotassium 
tin hydrogen octafluoride, which is isomorphous with the lead 
octafluoride, but found that the sodium compound was not analogous 
to the potassium, and possessed the formula 2NaF SnF<. 

Sodium plumbate therefore was prepared from sodium hydroxide and 
lead dioxide in the proportion of 2 to 1, and dissolved in 50% hydro¬ 
fluoric add until lead dioxide was just apparent. The crystals which 
formed were thick, short plates, instead of the needles of the potassium 
salt, and very much less stable. The salt was recrystallized 8 times, 
the crystals of sodium hydrogen fluoride which were first formed being 
rejected each time. By working very rapidly the plumbate crystals 
were separated from the mother liquor, dried between filters and weighed 
before they darkened. Analysis was made in the same way as outlined 
for the potassium salt. Solubilities and points of hydrolysis were also 
carried out in parallel with the determinations upon tripotassium lead hy¬ 
drogen octafluoride. The results are summarized similarly in Tables 
I and III. Table I also shows the large influence upon solubility of the 
excess molecule of sodium hydroxide in fusions of 3NaOH + iPbOj. 

Attention is particularly called to the very remarkable effect of sodium 
hydrogen fluoride upon the solubility and hydrolysis of the double salt. 
The presence of 2.33% of the former, which lacks only 0.6% of being 
saturated, serves to diminish the solubility of 2NaF.PbF< by over */* 
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Table III. 


a. 

Solubility Relationships 
Solubility of NaiFj at 25° in too g 

of H a 0 . 

G H.Fi. 

% H*F« (solvent) 

G. NaiFj. 

% NojFj (solution) 

0.0 

0.0 

4 2 

4 03 

1.0 

1.0 

4 14 

3 9 

4 & 

4 4 

2 25 

2 1 

84 

7 7 

2 3 

2.0 

130 

II 5 

2 4 

2 08 

59 6 

37 3 

4 88 

2 9 

77-7 

43 7 

8 2 

4 5 


Note: The solubility of sodium fluoride decreases with increasing concentration of 
hydrogen fluoride until sodium hydrogen fluoride is formed, followed by increase in 
solubility. 

b. Solubility of 2NaF l'bF« at 25° in too g of HjO 


% H1F1. 

% NaiFj. 

% »alt. 

O 

O 

Hydrolyzes 

38 61 

O 368 

9 358 

40 0 

Trace 

10 49 

24-5 

0 + 

Hydrolyzes 

37 23 

2 33 

5 07 

7 9 

2 33 

Hydrol>zes 


(from 10.49 to 5.07) and to stabilize it towards the action of water by 
reducing the critical hydrolytic concentration of hydrogen fluoride from 
24.5% to 8%. Another outstanding fact is that disodium lead hexa¬ 
fluoride is more soluble than is sodium hydrogen fluoride, although the 
solubilities are not greatly different, so that in fractional crystallization 
for separation, the pure, double salt remains in the mother liquor. The 
reverse relationships are observed in the separation of potassium hydro¬ 
gen fluoride and tripotassium lead hydrogen octafiuoride. The study of 
the very interesting 4 component system (H2O-H2F2-NaHF.2-2NaF.PbF4) 
will be continued further. 

Comparison of the Potassium and Sodium Double Salts as Practical 
Sources of Fluorine. 

Plumbates.—It has already been shown that potassium plumbate is 
more easily prepared, with more efficient use of the material. However, 
the greater availability and economy in the use of sodium hydroxide, 
t especially inasmuch as the plumbate is prepared by fusing only 2 mol¬ 
ecular weights instead of 3, may outweigh the mechanical and experi¬ 
mental difficulties. 

Formulas. —If the salts could be prepared in pure condition exclusive 
of all other considerations, the advantage in the use of 2NaF.PbF4 over 
3KF.HF.PbF4 as a source of fluorine is at once apparent, since no hydro¬ 
gen fluoride must be driven from the molecule by preliminary heating. 

Solubilities. — For a given weight of 50% hydrogen fluoride, the ad- 
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vantage is entirely on the side of the potassium salt, since under the most 
special conditions to avoid the formation of excess acid fluorides it is at 
least 4% more soluble than the sodium compound. There is manifestly 
much less difference between the solubilities of the double salts than 
between those of the fluorides (normal and acid salts, respectively). ^ 

In the second place, potassium hydrogen fluoride decreases the solu¬ 
bility of tripotassium lead hydrogen octafluoride far less than sodium 
hydrogen fluoride decreases that of disodium lead hexafluoride. This point 
deserves serious consideration, because even under the best conditions 
some of the acid fluoride will be present. The solubility of the potassium 
double fluoride is decreased only i% by the presence of 2% of potassium 
hydrogen fluoride, while the solubility of the sodium compound is de¬ 
creased s^iSo in a 2% solution of sodium hydrogen fluoride. Further¬ 
more the potassium salt is in acid solution which is 10% weaker than 
the latter. 

In the third place the potassium salt may be separated with ease from 
th^ contaminating potassium hydrogen fluoride by fractional crystal¬ 
lization, since the solubilities differ quite widely, whereas separation of 
the corresponding sodium compounds is almost impossible; indeed, the 
sodium hydrogen fluoride actually begins to crystallize out of solution 
first. There is a compensating advantage, however, in the fact that 
this compound gives up its hydrogen fluoride at temperatures consid¬ 
erably lower (160 0 ) than does potassium hydrogen fluoride, so that even 
if hydrogen fluoride were evolved along with fluorine from the sodium 
double salt, it could be removed by condensation or absorbed in fused 
potassium fluoride. 

Stabilities.—The pure potassium salt is considerably more stable than 
the pure sodium salt towards the action of moisture. In the invariable 
presence of the acid fluorides which exert a powerful stabilizing influ¬ 
ence, however, there is little to choose between the salts in this respect. 

Yields.—Weight for weight of materials used, the preparation of the 
potassium salt is almost twice as efficient a process as that of the sodium, 
as shown in the tables. 

Recovery of By-products. —The evaporation of the saturated solu¬ 
tions to crystallization may be very successfully carried out as a dis¬ 
tillation and the excess aqueous add thus collected returned to the process. 
One sample so obtained from a solution of the sodium double salt anal¬ 
yzed 46.8% hydrogen fluoride. Similarly, the practically anhydrous 
hydrogen fluoride driven off at 250 0 may be condensed in a copper spiral 
cooled by carbon dioxide-acetone mixture and returned to the process. 
After fluorine has been evolved, salts of the formulas 3KF.PbP« and 
2NaF.PbFs remain as residues. In either case the lead may be recovered 
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as lead dioxide by dissolving in dil. nitric acid, filtering off any dioxide 
from the hydrolysis of unchanged lead tetrafluoride, adding alk alin e 
hydroxide in excess and passing chlorine into the suspension of lead 
hydroxide below 50 The precipitation of lead dioxide is practically 
quantitative according to the equation 

PbO.H 2 0 + NaCIO = PbOj.HiO + NaCl. 

All fluorine remaining in solution may be recovered by precipitating as 
calcium fluoride which with sulfuric acid will regenerate the hydrofluoric 
add used up. The entire recovery process as tested out on an experimental 
basis is 95% efficient. 

Evolution of Fluorine.—The practically pure tripotassium lead hydro¬ 
gen octafluoride has been used to advantage for the evolution of fluorine. 
Four hours at 250° usually suffice to drive off the hydrogen fluoride, and 
evolution of fluorine, as indicated by the formation of iodine crystals on 
potassium iodide paper, is evident at 300 °. No experiments of this 
sort have been as yet possible with pure disodium lead hexafluoride be-., 
cause of the great difficulty in obtaining it pure. In every case the 
product has been contaminated with sodium hydrogen fluoride from 
which all the hydrogen fluoride could not be driven at 250 °. There 
were strong indications of fluorine, however, from the salt even at 250 
so that undoubtedly the evolution from the pure salt would begin at 
quite low temperatures, which would of course be a distinct advantage. 

Nashvillb, Tknn 


(Contribution from the Kent Chemical Laboratory of Yale T'niversity | 

ON THE SULFITE METHOD FOR THE SEPARATION AND 
DETERMINATION OF GALLIUM WHEN 
ASSOCIATED WITH ZINC. 

By Lyman E. Porter and Philip E Browning. 

Received July 19, 1919 

The frequent occurrence of gallium with tine makes the separation 
of these elements of especial importance. The usual method of sep¬ 
aration consists in the precipitation of the gallium hydroxide by ammonium 
hydroxide in the presence of ammonium salts, the zinc remaining in 
solution. 1 This method has several disadvantages, for not only is it 
necessary to boil for a long time to eXpel the excess amm onia, in order 
that the precipitation may be complete, but in the process an appreciable 
amount of the gallium compound, the precipitate, usually adheres to the 
# containing vessel; moreover, when extracting any considerable amount 
of gallium from material containing zinc, such as the leady residue from 
the purification of zinc or the gallium-indium alloy obtained from this 
Jfr 1 Lecoq de Boisbaudran, Compt. rend., 94, 1625 (1882). 
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residue, 1 the gelatinous nature of the gallium hydroxide results in 
slow filtration and a tendency to include a considerable amount of the 
soluble zinc salts even after several reprecipitations. Various procedures 
have been suggested to overcome these difficulties. Dennis and Bridge- 
man* precipitate the zinc by the use of potassium mercuric thiocyanate, 
leaving the gallium in solution; the mercury is then removed by hydro¬ 
gen sulfide. The gallium is separated by boiling the solution with sodium 
sulfite in the presence of hydrochloric acid, or by using ammonium 
sulfite. Care must be taken, the authors state, to have the add con¬ 
centration right, otherwise some gallium is dissolved, either by the excess 
of add or by the alkali formed by the hydrolysis of the sodium sulfite. 

The work described in the present article has to do with a direct appli¬ 
cation of the sulfite method to the separation of moderate amounts of 
zinc from gallium. It is assumed that any indium originally present has 
been previously separated by sodium hydroxide and that the greater 
part of the zinc has been removed by precipitating the gallium hydroxide 
in the presence of ammonium chloride. 3,4 The reagents used are sodium 
hydrogen sulfite and ammonium hydrogen sulfite, formed by saturating, 
respectively, with sulfur dioxide a 10^ solution of sodium sulfite and 
dil. ammonium hydroxide (1:4). 

Preliminary experiments showed that 0.0002 g., or even less, of gallium 
can be precipitated in 5 cc. of solution by boiling with a drop or two of 
either of these reagents. Similar experiments on solutions containing 
zinc showed no precipitation even after boiling 10 minutes, although it 
may be precipitated from neutral solutions by neutral sodium sulfite. 
To test the completeness of the gallium precipitation, a study was made 
of the delicacy of the potassium ferrocyanide test, 6 with a view to using 
it to detect gallium m the filtrate after the sulfite precipitation. In 
hydrochloric acid solution as small an amount as 00001 g. of gallium 
in 5 cc. of solution can be detected by the ferrocyanide. 8 It was found, 
however, that if 0.002 g. of gallium in 5 cc. of solution is treated with 
ammonium hydrogen sulfite in the cold, no precipitate forms upon the 
addition of the ferrocyanide, nor does it come down on long standing. 
The addition of an excess of hydrochloric acid to this solution, however, 
causes precipitation. By the use of smaller amounts of gallium it was 
found that the delicacy of the test is not interfered with by the sulfite, 
provided that sufficient hydrochloric acid or other strong acid is present. 

1 Browning and Uhler, and Uhler and Browning, Am J Sci , 41, 351 (1916); 42, 
389 (1916). 

* This Journal, 40, 1531 (1918). "1 

‘ Lecoq de Boisbaudran, hoc ctl. 

4 Browning and Uhler, Ibid. 

6 Lecoq de Boisbaudran, Compt. rend., 99, 536 (1884). 

* Browning and Porter, Am. J Sci., 44, 221 (1917). 0 
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This constitutes a difference between the behavior of gallium and that of 
zinc, because the latter may be precipitated as the ferrocyanide from a 
solution containing sulfite, even in the absence of strong acid 

A series of precipitations of gallium was made from neutral or slightly 
acid solutions by boiling them with ammonium hydrogen sulfite. Amounts 
of gallium ranging from 00005 g to 0.005 K- calculated as the metal, 
were used. The filtrates from the precipitations were treated with hydro¬ 
chloric acid and potassium ferrocyanide. Negative results proved the 
completeness of the precipitation 

The following procedure for the qualitative detection and separation 
of gallium and zinc was tried successfully on unknown solutions The 
results are given m Table I. The neutral or slightly acid solution, about 
5 cc., is boiled for two minutes with sodium hydrogen sulfite A pre¬ 
cipitate, indicating gallium, is filtered off after it settles. Hydrochloric 
acid is then added to the filtrate, followed by potassium ferrocyanide. 
A precipitate here shows the presence of zinc. Similar results were 
obtained by substituting ammonium hydrogen sulfite for the sodium 
salt. In the table, Expts. 1 r to 13 are significant in that the failure to 
get a test with the ferrocyanide gnes additional evidence that the pre¬ 
cipitation of gallium is complete. 


Table 1 

Qualitative Detection of Gallium and Zinc 
E*pt Taken G Eouud 


I 

Ga 0 0001 

Ga present (doubtful) 

Zn absent 

2 

Ga 0 0002, Zn 0 00is 

Ga present 

Zn present 

3 

Zn 0 001 

Ga absent 

Zn present 

4 

Ga 0 0002, Zn 0 0003 

Ga present 

Zn present 

S 

Ga 0 0003 

Ga present 

Zn absent 

6 

Zn 0 0002 

Ga absent 

Z11 present 

7 

Ga 0 0002 

Ga present 

Zn absent 

8 

Zn 0 0005 

Ga absent 

Z11 present 

9 

Distilled water 

Ga absent 

Zn absent 

10 

Ga 0 0003 

Ga present 

Zn absent 

11 

Ga 0 005 

Ga present 

Zn absent 

12 

Ga 0 0025 . . 

Ga present 

Zn absent 

13 

Ga 0 005 

Ga present 

Zn absent 


TQhis method lends itself well also to the quantitative estimation of 
gallium in the presence of zinc, on account of the granular form of the 
precipitate. The gallium is conveniently precipitated from 200 cc. of 
solution, which is neutral or slightly acid. After the addition of 4 or 5 
cc. of ammonium hydrogen sulfite the solution is heated to boiling for 
from 3 to 5 minutes. At the end of this time the precipitate of gallium 
is in distinctly granular form and settles readily. The supernatant liquid 
is decanted through a filter paper. The precipitate left in the beaker is 
dissolved by the addition of a few drops of hydrochloric add and too cc. 
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of water is added. The gallium is reprecipitated as before, and the 
precipitate is filtered off upon the original filter paper, ignited, and weighed 
as Ga 2 Os. It was found that if the gallium is not reprecipitated when 
zinc is present a somewhat high result is obtained, but this is obviated 
by a single reprecipitation. 

Expts. 9 and 10, Table II, are of special interest, because in the former 
the gallium was reprecipitated 3 times, and in the latter twice, the re¬ 
sults showing that this precedure does not result m any loss of gallium. 

Table II 

Quantitative Estimation of Gallium Precipitated by Ammonium Acid Sulfite 

Amount ZnCIa Amount GuiO* Amount GagOg Hrror 


Cxpt 

taken G 

taken (.. 

found G 

G 

I 

O 

O 0202 

O 0203 

O OOOl -f- 

2 

O 

O 02 ->6 

O 0235 

O 0001 — 

3 

O I 

O 0202 

O OI99 

O 0003 — 

4 

O I 

O 0202 

O 0203 

O OOOI+ 

5 

0 35 

O 0151 

O 0149 

O 0002 - 

6 

O 3 

O 0202 

O 0201 

0 0001 — 

7 

0 1 

O 0236 

O O236 

O OOOO 

8 

0 1 

O 0236 

O O239 

O 0003 + 

9 ■ 

0 

O 0472 

O 047I 

0 0001 — 

10 

0 

O 0236 

O 0234 

0 0002 - 


Nbw Haven, Conn 


[Contribution from thk Department of Nutrition, Ohio Agricultural Experi¬ 
ment Station ] 

THE MODIFIED BENEDICT METHOD FOR THE ESTIMATION 
OF SULFUR IN FEEDS, FECES AND FOODS. 1 

By J O Halverson 

Received July 21, 1919 

In the estimation of total sulfur in solid organic matter, the Wolf and 
Osterberg procedure 2 of adding fuming nitric acid in the preliminary 
oxidation and solution of the material (before final and complete oxida¬ 
tion with the Benedict reagent 3 ) offers two great difficulties which pre¬ 
vent its general availability for those classes of substances for which the 
official peroxide method 4 is applicable. First, the use of large amounts 
(50 to 75 cc.) of fuming nitric acid in Kjeldahl flasks heated over a free 
flame is tedious, long, and effect solution with difficulty. Second, the 

1 An abstract of the work included in this paper was presented at the Cleveland 
meeting of the American Chemical Society, Sept 12, 1918 

1 Biochem Z , 29, 428 (1910) 

1 The Benedict reagent consists of 200 g. of crystallized copper nitrate, sulfur- 
free or of known sulfur content, 50 g of potassium or sodium chlorate and distilled 
water to make 1000 cc. 

4 Report of the Committee on Editing Tentative and Official Methods of Analysis 
of the Association of Official Agricultural Chemists, 1915, p. 32. 
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high values for blank determinations which are usually obtained when 
the amount of barium sulfate estimated on the basis of the ordinary 
charge is relatively small, offer another serious objection. 

The length of this process, the constant care and attention required 
and the large quantities of reagents called for led the writer to investi¬ 
gate the possibility of adapting the Wolf and Osterberg procedure to 
the above mentioned classes of substances by simplifying the technique 
of rendering the charge soluble and completing the oxidation with the 
Benedict reagent without loss by spattering upon ignition; and by re¬ 
ducing to a minimum the values of blank runs on reagents. 

The objection to the Wolf and Osterberg procedure on materials which 
are as difficult to render soluble as feeds and feces has been overcome 
and the proposed modified method has been in active use during the 
past year. 

It has been shown that coned, nitric acid 1 alone with the Benedict 
reagent gives low results, probably due to the incomplete oxidation of 
all sulfur to sulfate. Wolf and Osterberg 1 therefore proposed the use of 
fuming nitric acid to complete the solution, followed by the Benedict rea¬ 
gent 3 to finish the oxidation. Twenty cc. of fuming nitiic acid is added to 
the material in a 300-cc. round-bottom Kjeldahl flask. The flask is then 
heated over a small, free flame, and additional quantities of acid are added 
to effect complete solution. In practice, however, the charges are as a 
rule slowly heated over the free flame to dryness with charring, and 
additional successive portions of fuming acid added with heating until 
approaching dryness no longer causes charring. The process requires 
careful and constant attention. 

Our adaptation and modification of this tedious and difficult process 
consists in first softening and disintegrating the material in the flask 
with ro to 15 cc. of hot water and allowing it to stand overnight at room 
temperature, or hot water or steam, the mouth of the flask being closed 
with a small glass funnel. After 10 hours of digestion, 20 cc. of a mixture 4 
of fuming nitric acid and cone, nitric acid (1:4) is added, and the digestion 
at steam temperature is allowed to proceed continuously, with occasional 
shaking, for 24 hours. 6 Another portion of 10 or 15 cc. of mixed acid 
is then added and digestion is continued 15 hours longer until solution is 
almost complete. Small, resistant, protein-like residues may remain. 
When continued digestion appears to have no further effect, the solution 
is transferred in portions to a 60-cc. evaporating dish on the steam bath 

1 Biothem. Z., 9, 307 (1908). 

* Lot. cit. 

* S. Benedict, J. Biol. Chtm., 6,-363 (1909) 

4 Cone, nitric acid containing ’/< its volume of fuming nitric acid—80 cc. of the 
latter to 320 cc of cone, nitric add. {. 

4 Or two days when steam is off at night. 
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and the Benedict reagent is added. The complete solution of feeds and 
feces with fuming nitric acid is not attempted. Almost complete solution 
is, however, effected with a diluted fuming nitric acid, and oxidation is 
then completed with the Benedict reagent. Occasionally it is neces¬ 
sary to add a third portion of ro cc. of the weak fuming acid mixture. 

This process does not require close or constant attention. After evapora¬ 
tion to complete dryness, the residues are gradually ignited. The blanks 
will sputter upon ignition, but this can be prevented by first adding 
5 cc. of a 10 % sucrose solution, followed by evaporation on the steam 
bath to complete dryness before heating. Sputtering upon ignition is 
due to a large excess of the Benedict reagent, in comparison with the 
amount of organic matter present. On the other hand, too much organic 
matter in proportion will cause a hard, dry crust to form without fusion. 
The approximate proportions are given later. 

The cause of high blank determinations was found to be due to sulfate 
in the copper nitrate. The red fuming nitric acid contained none. Various 
samples of copper nitrate were then tested. One sample from a chem¬ 
ical manufacturer gave a blank of 0.0044 g. barium sulfate per 20 cc. 
of the Benedict reagent. Almost sulfur-free Benedict reagent was made 
from Kahlbaum's cupric oxide, pea size, and from Kahlbaum’s cupric 
oxide wire rods, “Zur Analyse.” 1 This suggested that sulfur-free copper 
nitrate 2 may be made from pure sheet copper. 

The modified Benedict method as developed by us was checked by 
the modified official peroxide method of Krieble and Mangum.’ The 
latter was first checked by the official peroxide method 4 (see Table I). 

The method of Krieble and Mangum was diosen because with it re¬ 
sults were more uniform and the limits of variation were narrower. It 
allows considerable exactness of detail; constant amounts of sodium car¬ 
bonate and sodium peroxide are weighed out for each determination; 
the acid used in precipitation of the barium sulfate is 1.6 to 2.1 times the 
strength recommended by Folin. 6 After precipitation and standing 
in the cold for two days, the solutions are evaporated to dryness on the 
steam bath, and the residue is then taken up with 300 cc. of water and 
2 cc. of cone, hydrochloric acid. This gives a granular precipitate. 

1 They contained 0.0009 and 0.0007 g. BaSOi, respectively, per 20 cc. of Benedict 
reagent; J. T. Baker Chemical Co.’s cone, nitric acid was used. 

1 Later it was found that Baker and Adamson, Easton, Pa., furnish a sulfate-free 
grade of copper nitrate giving a blank of 0.0008 g, BaSO< per 20 cc. of the Benedict 
reagent. 

1 V. K. Krieble and A. W. Mangum Method, personal communication. Also 
This Journal, 41, 1317 (1919). 

4 U. S. Dept. Agr., Bur. of Chem., Revised Bull. 107, 23. 

1 Otto Folin, J. Biochem., 1, 147 (1906). 
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Table I 

Results by the Official Peroxide and the Modified Peroxide Methods 




BaSO* 

Quantity Less Qian It 1 

G G 

Sulfur 


Sample 


(. 

% 



Official Method 



Milk 1403 


23 85 ° 0525 

O 007 2 

O 030 



23 90 0 0516 

O 0071 

O 030 



2 i 28 0 0465 

O 0064 

O 026 



24 45 0 0490 

O OO67 

O 028 


Av 

Modified Method 


O 028 



25 02 0 0518 

O 0071 

O 029 



24 90 0 0513 

O 0071 

O 028 



23 89 0 0469 

O OO64 

O 027 


Av 

Modified Method 


O 028 

1404 


0 0623 

O 0086 

O 035 



0 0614 

O, 0084 

O 035 



0 0619 

O 0085 

O 033 


Av 

Modified Method 


O O34 

1405 


0 0526 

O OO72 

O 028 



0 0524 

O 0072 

O 030 



0 0500 

O OO69 

O 028 


Av 



O 029 


The tendency of the sodium peroxide method to give high results is 
shown by Wolf and Osterberg 2 who, determining sulfur in 50 to 100 mg. 
of cystin, found 26.89% which is 0.19% more than formula requires. 
Furthermore, two samples of feces averaged 0031 and 0.009% higher 
than by their modified Benedict method. Schreiber* also noted this 
tendency. One factor causing this in feeds and feces may be silica; this 
is indicated in Table II, which shows the effect of the precipitation of 
partly dehydrated silica. 

Removal of the silica in feeds and feces gave results in percentages 
agreeing closely with those by the modified Benedict method to the third 
decimal place, with an average of 0.003% difference for the modified 
Benedict method (Table III). The peroxide method without silica re¬ 
moval gave a difference of 0.023% higher. This relation held for feeds 
(Table III), but this close agreement must not be taken as an indica¬ 
tion of the absolute accuracy of the method. The Benedict method checked 
with an average difference of 3.67%. 

The tendency of the peroxide method to give high results due to other 
causes than the presence of silica is shown by Allen and Johnston, 4 who 
1 Blank, official method, o 0019 g.; modified method, 0.0035 g 
! Wolf and Osterberg, hoc. at 
* Herman Schreiber, This Journal, 32, 977 (1910) 

4 Allen and Johnston, Ibid, 32, 597 (1910) 



J. O'. HALVERSON. 


1498 


Table II. 

Comparison of the Modified Peroxide Method with the Modified Benedict Method, 
Both Without and With Silica Removed. 

Mod peroxide method with 
S1O1 removed compared 


Mod peroxide method 



Without 

S1O1 

removed * 

With 

hiOj 

removed ■ 

Mod 
Benedict 
method ^ 

with the same 
method without 
SiOj removed 

with the mod 
Benedict method 

Sample 

% 

% 

% 

Difference 

/Ci 

Difference 

% 

Swine Feces 1502 

O 131 

O 105 

O 105 

O 026 


O OOO 




O 112 

O IIO 



O 002 



O 124 

0 104 

0 H3 

O 020 


O 009 





0 110 





Av 

O 127 

0 107 

0 no 

O 020 

18 7 

O 003 

2 8 

Feces 1503 

O 126 

0 III 

0 10S 

O 015 


O 003 



O 140 

0 104 

0 ii 1 

O 036 


O 007 



0 132 

0 108 

O IOS 

0 104 

O O24 


O 003 


Av 

O 133 

0 108 

0 107 

O 025 

23 1 

O OOI 

0 9 


worked on pure solutions, also by Wolf and Osterberg* and by Schreiber.* 
In the modified peroxide method the solution of 350 cc (of oxidizing rea¬ 
gent) contained 24 g. NaCl, which with a higher acidity causes a high occlu¬ 
sion as shown by Allen and Johnston. The extent of occlusion of the barium 
sulfate, however, is determined by running with each set of analyses 3 en¬ 
tirely similar determinations of known amounts of pure potassium sulfate 
solution approximately equivalent in barium sulfate content to the quantity 
obtained from the analyses of the organic material itself. The actual 
sulfate content of an equivalent quantity of the potassium sulfate solution 
is found by direct precipitation. The difference obtainedbetween these 
two sets of results gives the values for both occlusion and the sulfate 
in the reagents. When occlusion is negligible (as indicated by the 
small quantity of the barium sulfate obtained) the method showed that 
there was little sulfate present in the reagents. The amount present 5 
is, perhaps, due to adsorption and varies with each lot; the average was 
0.0046 g. The modified Benedict method gave a blank of 0.0011 g. 
which was but slightly higher than that found for the determination of 
sulfur in urine The fuming nitric acid gave a blank of 0.0005 g. for the 
usual amount taken. 

Loss of Barium Sulfate in Filtration and Washing. 

Any perceptible precipitate in the filtrate and wash water is, of course, 
recovered at once. Our experience indicates, however, that slight losses 

1 Less Blank, o 0070 g. BaSO, 

* Less Blank, 0.0006 g BaSQi 

* Less Blank, o 0001 g. BaSO« 

4 Loc. tit. 

5 Blank as determined by Krieble and Mangum, personal communication. 
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not readily apparent are always experienced, 1 in filtering and washing 
less than o.i g of barium sulfate precipitate caused by passage of the 
finer particles of precipitate through the pores of the filter paper, even 
when paper of such fine texture as Whatman’s No. 44 or S. & S. 590 
is used with a gravity washing system. These losses were very 
evident when the filtrates and wash water of an entire set of determina¬ 
tions—all of which looked to be free from precipitates 2 —were combined 
and allowed to stand covered for 2 to 3 days, for a fine precipitate of 

Table III 
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1 Excluding dust, etc , this recovery from a large number of determinations averaged 
00012 g per determination A number of more recent results bv E B Wells, using 
more care and precautions, reduced this to o 0003 g per determination 

1 The combined filtrates and wash water held up to the direct sunlight showed 
veftr fine particles held in suspension 

* G BaSO< average of 3 determinations, less blank, o 0040 g per determination. 

* Plus loss in filtrate exceeding blank, 00006 g per determination 

* Samples 1302-1506 inclusive, less blank 0 0006 g per determination 

* Samples 1502, 1503, less blank, 00001 g , Samples 1503-6, less blank, 0.0008 g.; 
Samples 1502-1506 inclusive, g. BaSO t average of 4 determinations 

7 Plus loss in filtrate exceeding blank, 0.0013 g per determination 
1 Less blank, 0.0018 g. 
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barium sulfate settled out. The supernatant liquid was siphoned off, 
the precipitate filtered and washed, and weighed. 

The usual laboratory practice is to discard filtrates and wish water 
immediately. Recovery of additional precipitate as indicated above 
shows that the loss may be greater than is here determined, unless unusual 
care is taken to reduce this loss to a minimum by slow filtering and gentle 
washing. Furthermore, allowing the precipitated sulfate to stand at 
room temperature for two days, 1 appears to aid filtration by permitting 
the particles to grow The formation of a granular barium sulfate pre¬ 
cipitate is also assisted by adding the barium chloride hot to the boiling 
sulfate solution, slowly or by drops. The precipitated solutions are 
then heated on the steam bath for 3 hours after which they are allowed 
to stand m the cold for two days Neglect of this precaution will render 
filtration difficult 

Allen and Johnston 2 have shown, contrary to the statements of some 


chemists, that the presence of potassium chloride does not increase the 
solubility of barium sulfate In the modified Benedict method, however 

approximately 1 g of 

potassium chloride 

is used per 

determination 
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1 Allen and Johnston recommend 18 hours They state that losses from volatility 
and occlusion are higher when the precipitate is filtered immediately 

2 This Journal, 32, 606 (1910) 

3 Plus loss in filtrate exceeding blank by o 0011 g per determination 
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On the other hand, the official peroxide method uses 4 or more g. of sodium 
chloride per 100 cc. of solution, while the modified peroxide method con¬ 
tained about 13.7 g. per 100 cc. 

Comparison of results obtained by the modified Benedict method 
with those bj r the modified peroxide method, shows that complete solu¬ 
tion of feeds and feces is not necessary, provided that enough Benedict 
reagent is present to assure complete oxidation. It is, however, desirable 
to have as complete solution as possible. Table III gives the average 
results by the modified Benedict method of triplicate determinations 
obtained on feeds and feces in comparison with those by the peroxide 
method when silica is removed. The percentages varied in the third 
decimal place foT the modified Benedict method, while in the modified 
peroxide method a number of results varied in the second place. 

Table IV shows the consistency of results obtained by the proposed 
method. In the hands of another chemist in this laboratory, the method 
has given as uniform results as are here indicated, but with lower blanks 
on reagents and less loss in the filtrate. 

The Modified Benedict Method. 

About 3.44 g. of feces, or 2.7476 g. of feeds 1 is weighed out by difference, 
placed on half a filter paper, rolled up, and is then put into a 300 cc. 
Kjeldahl flask. Ten to 15 cc. of hot water is added, the flask rotated 
occasionally (preferably in the steam bath) to allow any hard lumps to 
disintegrate and 20 cc. of a mixture of fuming and concentrated nitric 
acids (1 : 4) is added. The flask is stoppered with a small funnel and 
allowed to stand for half a day. It is then placed in the steam bath and 
allowed to digest slowly for about 4 days with occasional rotation. At 
the end of that time another 10 cc. of the acid mixture is added. Di¬ 
gestion is continued until the solution is clear, 2 when it is transferred in 
portions to a 60-ec. evaporating dish and treated with 20 cc. of the 
Benedict reagent 3 during evaporation to thorough dryness on the steam 
bath. 

Blanks should be run on the reagents. To prevent spattering in heat¬ 
ing the blanks, add 5 cc. of a 10% sucrose solution and evaporate to 
thorough dryness before ignition. The blanks are given the same treat¬ 
ment as outlined above. They should be low in barium sulfate content. 

* 1 With this quantity the g. of barium sulfate multiplied by 5 gives the per cent, of 

sulfur direct. 

3 More resistant residues in feces and feeds may remain, these will not interfere 
if not present in too great quantity. Small quantities of resistant residues will be 
taken care of by the Benedict reagent. 

* Kahlbaum’s crystallized copper nitrate was used of which the sulfur content 
was small. Baker and Adamson’s crystallized copper nitrate was found equally low 
in sulfate. 
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Procedure in the Benedict Method. 

The partly oxidized material in the porcelain dish is evaporated to 
dryness 1 on the steam bath and later baked slowly on a gas hot-plate 5 
or sand bath. The blackened residue is finally heated until the mass 
has fused, The heat is then gradually lowered, allowing the fused mass 
to solidify slowly. The dish when cooled is 1 / s filled with approximately 
20 cc. of hot dil. hydrochloric acid (i : 4) from a wash bottle, and the 
sides carefully washed down. The dish is then covered with a watch 
glass and set on the steam bath for 15 minutes. 

The perfectly clear solution is then filtered into a 250-cc. beaker, made 
up to a volume of at least 100 cc., heated to boiling on a hot-plate, and 
10 cc. of a boiling 5% barium chloride solution added drop by drop from 
a calcium chloride tube, the addition consuming about 4 minutes. The 
covered solution is then placed on the steam bath and allowed to digest 
for 2 to 3 hours, after which it is allowed to stand in the cold for at least 
48 hours, thereby producing a granular precipitate which is readily filtered 
on No. 590 S. & S. or No. 44 Whatman’s filter paper. 

By the removal of silica® in the sodium peroxide method, this substance 
was prevented from interfering with the accuracy of the results. In 
the Benedict method no flocculent silica has been observed in the solu¬ 
tion after the barium sulfate has settled. As this solution is not made 
strongly alkaline or acid, one would not expect silicic acid to be even 
partly dehydrated or precipitated out. 

Advantage of the Modified Benedict Method. 

For feeds and feces, results are more uniform 4 than by other methods 
and the blanks on reagents are consistently low. Occlusion and adsorp¬ 
tion appear to be less. There is a complete absence of partly dehydrated 
silicic acid in the solution after dissolving the fused mass in dilute hydro¬ 
chloric acid such as is frequently observed in the peroxide method. 

1 Evaporation to thorough dryness on the steam bath prevents spattering later, 
on the hot-plate. Beginning ignition of feces on the hot-plate should be gradual. Too 
much Benedict reagent will cause spattering; too little Is indicated, upon ignition, by 
a hard, dry crust. Too long intense ignition with a large excess of the Benedict reagent 
will cause excessive etching of the evaporating dishes. 

! In the baking and ignition processes by this method no evidence of sulfur con¬ 
tamination was obtained when natural gas was used. With coal or water gas, however, 
the sulfur contamination would be serious unless first removed by passing the gas through 
an absorbing solution. 

‘ Whether any silica comes from the glass container by the action of the strong 
sodium hydroxide solution has not been determined. Occasional silica in the blanks 
tends to indicate that this may be one source. 

4 The limits of variation for results on 10 samples of feces by the peroxide method 
average 1.63 times greater than for the modified Benedict method (Table III). This 
relation also holds for feeds. 
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Conclusion. 

When silica is present the peroxide method has a tendency to give 
high results. With removal of the flocculent silica which partly precipi¬ 
tated out, results checked the Benedict method in percentage to the third 
decimal place. Previously the peroxide method checked to the second 
decimal place. 

The technique of the modified Benedict method has been adapted to 
facilitate the estimation of sulfur in feeds and feces without requiring un¬ 
due attention and care. The method of solution of the sample by the 
Benedict method gives results which check the peroxide method when 
silica is removed, within an average of 3.17 and 4.17%, respectively, for 
feces and feeds. 

The source of a high value for the blank determination due to sulfate 
present in the reagents and the need of procuring reagents of sufficient 
purity for the Benedict method have been pointed out Not undue 
quantities of reagents are required for the small amounts of barium sul¬ 
fate recovered. The modified method is short, the processes are few and 
require little attention. 

The writer acknowledges his obligation to Dr. V. K. Kriehle and A. W. 
Mangum for advice given in the use of their modified sod cm peroxide 
method 

Woostbr, Ohio 

THE MOLECULAR MECHANISM OF COLLOIDAL BEHAV_ 0 _T. 
n. THE SWELLING OF FIBRIN IN ALKALIES. 

By Richard C Tolman and Russell S BracevcEll 

Received Julv 25 1919 

In a previous article, 1 Tolman and Steam have studied the swelling 
of fibrin in acid solutions, and correlated the swelling with the amount 
of acid adsorbed from the solution. On the basis of their results, they 
advanced the theory that a piece of fibrin covered with water is a fibrous, 
spongelike structure with many minute pores or pockets which are them¬ 
selves full of water. The addition of acid is followed by the adsorption 
of hydrogen ions to form a double layer on the surface of these pockets 
with a consequent increase in their size owing to electrostatic repulsion. 
The addition of a neutral salt to the solution, or the addition of further 
icid after the limit of adsorption has been reached, is followed by a de¬ 
crease in swelling, since further ions added arrange themselves, in accord¬ 
ance with well known electrical principles, in such a way as to neutralize 
the original electrostatic repulsion. The addition of a neutral salt to 
the solution also leads to further adsorption of add owing to the fact 
that the neutralization of the electrostatic forces makes it easier for 
further hydrogen ions to attach themselves to the walls of the pockets. 

1 This Journal, 40,264 (1918). 
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In the present article similar experiments are described which were 
made with fibrin in alkaline solutions; these have led to similar conclu¬ 
sions as to the molecular mechanism of the swelling produced by alkalies. 
Owing to the amphoteric nature of its amino acids, fibrin has a tendency 
to adsorb hydroxide ion from an alkaline solution, just as it adsorbs 
hydrogen ion from an acid solution, and hence all the phenomena pro¬ 
duced by acids can be duplicated with alkalies. The article presents 
data on the swelling and adsorption in solutions of sodium, potassium 
and ammonium hydroxides, in mixtures of sodium hydroxide with potas¬ 
sium chloride and potassium sulfate, in sugar and raffinose solutions, 
and in acetic acid. The work with the sugar and raffinose solutions 
was performed in order to get an idea as to the adsorption of water itself. 
The results with acetic acid are presented since they differ from those 
reported by Tolma'n and Steam. 

Experimental Methods. 

In order that the results of this work should be comparable with those 
in acid solutions, the procedure previously used 1 was duplicated as nearly 
as possible, with a few improvements. 

Materials.—The blood fibrin 2 was purified by treatment with 0.1 N 
hydrochloric acid and subsequent removal of the acid by continuous 
washing with distilled water; it was then dried in a current of warm 
air. Samples of blood fibrin vary as to toughness and resistance to 
grinding, and a sample having maximum toughness was chosen. Fibrin 
which does not show this property markedly swells so readily that no 
supernatant solutions remain for sampling. 

The saccharose was the. ordinary cane sugar of commerce. The raffin¬ 
ose was an imported sample. The alkalies and salts were ordinary 
“C. P.” reagents. 

Measurement of Swelling and Adsorption. 

The swelling of the fibrin was measured in special flat bottomed test- 
tubes using a 0.3 g. sample of the powdered fibrin and 15 cc. of the 
desired solution. This ratio of materials is the same as that used in the 
adsorption measurements. 

The adsorption experiments were carried out in 250 cc. ground glass-stop¬ 
pered bottles, using 2 g. of powdered fibrin and joo cc. of solution. After 
standing 24 hours, with occasional shaking, the supernatant liquid was 
drawn off and the alkali titrated with standard acid. If on standing 
the protein went into solution, as was the tendency in the solutions of 
alkali of higher concentration, the supernatant liquid was drawn off 
without shaking. The number of mols of alkali, A, adsorbed per g. of 
fibrin was calculated by the formula 
1 Lee. cit. 

1 Merck's. 
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„ _ (Co— C)V 

A - w 

where C a is the original concentration in mols per liter, C the final 
concentration after the adsorption has taken place, V the volume in 
liters of the solution employed, and W the weight of the fibrin in grams. 

In the determinations of negative adsorption (adsorption of water) 
using sugar solutions, a small amount of phenol was added to the solu¬ 
tion to prevent bacterial decomposition. The sugar concentrations were 
measured with a Lippicli Large Universal Polariscope. The percentage 
of sugar may be obtained from the polariscope readings by the well known 
formula 

n _ 100 a 

~ TaTl 

where a is the rotation, d the density, a 0 the specific rotation and l the 
length of tube. The number of mols of water, A' adsorbed per g. of 
fibrin can then evidently be calculated by the formula 

' iSPiW 18 cnW 

where M is the weight in g. of the solution, Pi the original concentration, 
Pi the final concentration of the sugar, W the weight of fibrin in g., and 
ai and a 2 the original and final rotations. 

Experimental Results and Discussion. 

Acids.—There is a well known lack of exact reproducibility in experi¬ 
mental results obtained with colloids, owing largely to the great effect 
which the past history of a colloidal material has upon its immediate 
behavior. For this reason it seemed desirable as a preliminary to this 
work to check some of the results of Tolman and Stearn, 1 using the new 
sample of fibrin. Swelling and adsorption data for the new sample of 
fibrin were obtained in solutions of hydrochloric add and nitric add. 
The curves obtained were of the same form as those reported by Tolman 
and Stearn, the adsorption being somewhat higher and the swelling a 
little less. 

With acetic add, a maximum adsorption of about 0.00095 mol was 
iound at a concentration of about 1 .0 N. This differs from the result 
previously reported in which no maximum was found; this divergence 
may be due to the great difficulty of obtaining reprodudble results in 
this kind of work. It is felt, however, that the new result is more reli¬ 
able, particularly because of the use of glass-stoppered bottles in carry¬ 
ing out adsorption experiments instead of finger bowls covered with 
watch glasses. The new curves for swelling and adsorption are given 
1 Loc. cit. 
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in Fig. 1, concentrations being plotted as abscissas and swellings or ad¬ 
sorptions per g. of fibrin as ordinates. 



Strong Alkalies.—The upper two curves in Fig. 2 show the swelling 
of fibrin over a range of concentration in solutions of sodium and potas¬ 
sium hydroxides. It is to be noted that the swelling reaches a maximum 
at a very low concentration and with further increase of concentration 
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there is a reduction in swelling. The two lower curves represent the 
adsorption of alkali over the same range of concentrations. These are 
similar to the adsorption and swelling curves obtained in strong adds 
and may be similarly explained. Increasing the concentration of the 
alkali, beyond that at which those points on the protein molecule having 
the greatest affinity for the hydroxyl ions are satisfied, does not result 
in further adsorption but only increases the ionic concentration of the 
solution. As long as the number of hydroxyl ions adsorbed increases, 
the electrostatic forces produced by the adsorbed layer increase. Hence 
swelling increases as long as adsorption continues. When the maximum 
adsorption is reached, the further ions added arrange themselves in 
such a way as to neutralize the electrostatic forces, and subsequent re¬ 
duction of swelling takes place. 

Weak Alkalies.—The upper curve in Fig. 3 shows the swelling of fibrin 
in ammonium hydroxide up to 0.8 N. We note that the swelling grad¬ 
ually increases without reaching a maximum. This curve coincides with 



Fig. 3- 


the swelling curves for weak acids. On the basis of the theory this is 
again explained by the fact that with the weak electrolyte there are 
few ions available for neutralizing the electrostatic field. 

The lower curve represents the adsorption of ammonium hydroxide by 
the fibrin. It is not known whether the wide deviation of some of the 
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points from the curve drawn has any significance or is merely an illus¬ 
tration of the difficulty of obtaining reproducible results in this kind of 
work. A further set of experiments with ammonia would have been 
made, except for lack of time and for the exhaustion of the particular 
sample of fibrin in question. It may be noted that this irregularity 
occurs with a weak alkali and that a lack of reproducibility in the results 
obtained in different experiments with a weak acid (acetic) has already 
been noted. It is felt that the continued swelling which is obtained with 
weak acids and weak alkalies may cause a breaking down of the fibrin 
structure which accounts for the variable results. 

Mixed Alkalies and Salts.—The effect of additions of potassium chlor¬ 
ide and potassium sulfate in reducing the swelling of fibrin in approxi¬ 
mately 0.0145 N sodium hydroxide solution is shown in the upper two 
curves of Fig. 4. We see that the addition of a neutral salt produces 



the same effect in lowering the amount of swelling, as increasing the 
concentration of the alkali itself beyond the saturation point. This agrees 
with the results obtained in acid solutions. In any case the controlling 
factor is the concentration of the free ions which so arrange themselves 
as to neutralize the original electrostatic repulsion. It is of particular 
interest to note that mol for mol, potassium sulfate is more effective in 
reducing the swelling than potassium chloride. This is to be expected 
because of the greater electrical neutralizing power of a mol of the sulfate 
over a mol of the chloride. 
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The effect of the neutral salts on the adsorption of hydroxyl ions is 
also to be noted in the lower two curves of Fig. 4. With solutions 0.0145 
N with respect to sodium hydroxide the effect of the salt up to a certain 
concentration is to force the adsorption. This phenomenon, which was 
also observed in acid solutions, lends additional support to our theory 
that an electrostatic field is set up by the adsorption of the hydrogen 
or hydroxyl ions. Such a field would tend to prevent the further 
adsorption of ions, and if the ions of the neutral salt tend to neutralize 
this electric field, further adsorption will result. Here again the 
potassium chloride curve lags behind the potassium sulfate curve. 
This result is also obviously in accordance with our theory. This effect 
of the neutral salt is also shown in the curves of Fig. 5 which are similar 



Fig 5 


to the curves of Fig. 4 except that the concentration of sodium hydroxide 
is 0.134 AT. We see that the adsorption is forced even beyond the max¬ 
imum for the higher concentrations of pure strong alkali. 

'Sugar Solutions.—Tolman and Steam 1 found that with fibrin in sodium 
chloride solutions there was an increase in concentration after 24 hours, 
indicating that there is at least more of a tendency to adsorb water than 
sodium chloride. In order to try to determine the amount of water 
actually adsorbed, cane sugar was used as a reference substance; from 
the measured change of concentration the amount of water adsorbed was 
calculated. It is to be noted first in the upper curve of Fig. 6 that the 
1 Loc. cit. 
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sugar solution had no effect on the swelling of the fibrin. In the lower 
curve where the abscissas give the concentration in mols per liter of sac¬ 
charose and the ordinates the mols of water adsorbed per gram of fibrin, 
the adsorption value is noted to have nearly a constant value of about 



Fig. 6 


o.oi, a value about io times the molal adsorption of acid or alkali per 
g. fibrin. A small sample of raffinose was available and used for a single 
measurement at a molal concentration of 0.225; with this reference sub¬ 
stance a value of 0.02 mol of water adsorbed per g. of fibrin was obtained. 

The evidence indicates that the phenomena is, as would be expected, 
merely a matter of the relative adsorption of water and the sugars and 
the results can have no absolute significance. In view of the adsorp¬ 
tion of water in sugar solutions we should expect water also to be adsorbed 
in acid and alkali solutions. Assuming the amount of water adsorbed 
to be the same as in the cane sugar solution, a simple calculation shows 
that the amount of water would not affect the concentration of our acids 
or alkalies appreciably. 

Conclusions. 

(1) The behavior of fibrin in solutions of strong alkalies and of am¬ 
monia, and the behavior on the addition of neutral salts, is similar to 
the behavior in solutions of strong acids, and can be explained by the 
theory originally advanced by Tolman and Steam. 

(2) Fibrin adsorbs water from solutions of non-electrolytes. 

The work described in this article was performed in the chemical labora¬ 
tory of the University of Illinois. 

WuaanttOH, D. C., and CmcAoo, lu. 
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THE MOLECULAR MECHANISM OF COLLOIDAL BEHAVIOR, 
m. THE CHEMICAL NATURE OF THE ADSORPTION 
OF ACIDS AND ALKALIES BY THE 
PROTEIN MOLECULE. 

Bv Russell S. Bracewell. 

Rec*ived August 1, 1919 

In two previous articles 1 the behavior of blood fibrin in adds and 
alkalies has been studied, and a correlation between the swelling of the 
fibrin and the adsorption of acid and alkali shown. The purpose of the 
present article is to discuss the nature of this adsorption process. 2 

The older theories of adsorption assumed that the phenomenon was 
produced by the action of “physical forces’’ having somewhat the general 
character of gravitational attraction. Our newer ideas of adsorption, 5 
however, consider the attraction to be more chemical in its nature, arising 
from stray fields of “chemical force” around atoms whose chemical affinity 
has not been completely satisfied. On the basis of these newer ideas, 
we should predict, from the amphoteric chemical nature of the protein 
molecule, that it would adsorb either hydrogen ion or hydroxide ion, 
according as to whether the solution is acid or alkaline, and these are found 
to be the experimental facts, as was shown, for example, in the two pre¬ 
vious articles already mentioned. The work cited, moreover, showed 
not only an adsorption of both acids and alkalies, but also, at least with 
the strong acids and alkalies, that there is a fairly definite maximum 
number of equivalents of acid or base adsorbed by the fibrin, which is 
not markedly increased even by greatly increasing the concentration of 
the supernatant solution. This affords - additional support to the idea 
that the adsorption process is dependent upon chemical factors and 
indicates that there may be a limited number of positions on the protein 
molecule where hydrogen ions or hydroxide ions tend to attach them¬ 
selves, and that after these positions have been saturated, the protein 
molecule has become electrically charged to such a degree that further 
“indiscriminate” adsorption does not take place. 

As a matter of fact it appears that the amount of acid "neutralized” 
by a considerable number of proteins is determined by the number of 
free amino groups in the molecule. This conclusion differs from that 
reached by Robertson 4 who, however, based his figures for the number 

* 1 Tolman and Steam, This Journal, 40, 264 (1918), Tolman and Bracewell, 

Ibid., 41, 1503 (1919). 

1 Since writing this article the author has noted the statement by Harkins, Davies, 
and Clark (This Journal, 39, 341 (1917)) that the necessary condition for an adsorp¬ 
tion of the kind discussed in the present paper is probably determined by the polar 
groups in the molecule. 

* Langmuir, This Journal, 40, 1361 (1918}. 

4 "The Physical Chemistry of the Proteins,” Longmans Green & Co., 1918, p. 20. 
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of free amino groups solely upon the criterion that such groups give 
nitrogen with nitrous acid, whereas the work of Kossel and Cameron 1 
indicates that in the case of arginine the amino group in the guanidine 
nucleus must be regarded as free in spite of the fact that it does not react 
with nitrous acid. As to the neutralizing power of proteins for alkalies, 
no definite relation has been found between the amount of base fixed 
and the structure of the protein molecule. This is in agreement with 
the conclusions of Osborne, Leavenworth and Brautlecht 2 and of Os¬ 
borne and Van Slyke 3 that, even in the case of the dicarboxylic acids, 
glutamic and aspartic, there are no free COOH groups but that these 
are bound by the free ammonia which is always obtained on the hydrol¬ 
ysis of proteins containing these acids. We may conclude that the 
adsorption of hydroxide ion by proteins will be of a less specific character 
Experimental Data. 

The following table compares data on the composition of the more 
common proteins whose amino acid content has been determined by the 
Van Slyke group method 4 with a fair degree of accuracy, with data on 
the maximum adsorption of acid by these proteins. 


Protein 

Total N 

% 

% total N 
as lystne 

% total N 
as arginine 

Free NH* 
groups calculated 
per g of pro¬ 
tein Equiva¬ 
lents X ?0» 

Acid 
adsorbed 
per R 
of protein 
Kquiv X 10 ‘ 

Fibrin 

16 gr 

II 51 

13 86 

108 

96 

Gelatin 

17 97 

6 32 

14 70 

85 

70 

Casein 

17 7 » 

IO 30 

7 41 

79 

60 

Gliaden 

17 50 

0 75 

5 71 

28 

28 

Edestin 

18 65 

3 86 

27 05 

i '5 

I27 


The figures for total nitrogen in these proteins are taken from the work 
of Van Slyke, 5 for the percentages of this nitrogen combined as lysine 
and arginine in casein from Van Slyke, 8 and for the other proteins from 
the work of Matthews. 7 The adsorption data on fibrin, gelatin, gliadin 
and casein were obtained by titrimetric methods, with phenolphthalein 
as indicator, using hydrochloric acid over the protein as described in a 
previous article. 8 The fibrin was also therein described. The gelatin 
was the commercial high grade slab gelatin. The casein and gliadin 
were prepared by graduate students in the Laboratory of Physiological 

1 Z . physiol . Chem , 76, 457 (1912). 

1 Am . J . Physiol , 23, 180 (1908-9) 

* J . Biol . Chem , 22, 259 (1915). 

4 Ibid., to, 15 (1911-u). 

1 Loc . cil . 

* J. Biol . Chem , 16, 538 (1915). 

1 "Physiological Chemistry,” William Wood & Co, 1916. 

8 Tolman-Bracewell, Loc, cil. 
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Chemistry of the University of Illinois. The acid adsorption data for 
edestin are taken from Robertson. 1 The adsorption figures, in view of 
the uncertainty of reproducing colloidal phenomena and of the method 
of measurement, which involves determining a small change in concern^ 
tration by difference, are probably subject to an error of something less 
than 10%. Data by the Van Slyke group method indicates that this 
method gives results with an error of about 5%. 

In these five proteins, lysine and arginine are the only acids with free 
amino groups, and hence we need only consider these two acids in cal¬ 
culating the "neutralizing power" of these proteins for acid. In the 
case of lysine, H 2 NCH 2 — CH, — CH S — CH 2 — CHNH 2 — COOH, »/, 
of the nitrogen reacts with nitrous acid and hence is assumed to be com¬ 
bined in a free amino group, the other amino group being combined with 
the carboxyl of another molecule of acid to form the protein chain. In 
the case of arginine, H 2 N — C — NH — CH 2 — CH 2 — CH 2 — CHNH 2 — 

II 

NH 

COOH, none of the nitrogen reacts with nitrous acid and yet from the 
structure of the molecule, we may conclude, in agreement with the views 
of Kossel and Cameron, 2 that the molecule contains one free amino 
group not bound in the peptide linkage. Proceeding then on the assump¬ 
tion that V2 of the lysine nitrogen and ’/< of the arginine nitrogen is 
combined in a free amino group, the number of free amino groups per 
g. of protein has'been calculated and is given in the fifth column of Table 
I. A comparison of these figures with the number of equivalents of 
acid adsorbed shows reasonable agreement, from which we may con¬ 
clude that the acid-adsorbing power of proteins is mainly due to the free 
amino groups present. Similar data were obtained for serum globulin, 
excelsin, amandin, and legumin, which show the same parallelism, though 
the divergences are slightly greater, owing probably to the circumstances 
that the compositions used in the calculations are derived from old meth¬ 
ods of analysis and therefore are not well established. 

In further support of our theory it may be pointed out that Goto* 
showed that clupein, which contains no lysine, binds approximately one 
equivalent of sulfuric acid for each molecule of arginine. As another 
example, Basil and Matula 3 and Pauli and Hirschfeld 5 have given the 
^ values 1.65 X io~ 2 and 0.8,5 X 10' 2 for the acid adsorbed from 0.05 N 
hydrochloric acid solution by normal and deaminized gelatin, respectively; 
the value 1.65 X io~ 2 represents the adsorption by the free amino groups 
in both lysine and arginine, whereas the value 0.85 X io _: represents the 
adsorption by the free amino group in arginine alone since the latter is 

1 Loc. cit., p. 103. 

a Z. physiol. Cheat., 37, 114 (1902). 

* Loc. cit. 
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not dea miniz ed by nitrous add, and consequently the difference 0.8 X io~ 2 
represents the combining capacity of the lysine. If we check this against 
the known composition of gelatin we find that the ratio of 1 / 4 the argin¬ 
ine nitrogen to ‘/j the lysine nitrogen is 1.2:1, whereas the ratio of the 
above adsorption values is unity. 

Robertson 1 states that he formerly held the view here presented, that 
the add-combining power of a protein is determined by the number of 
free ami no groups, but that in view of more recent work he must con¬ 
clude that some factor other than the number of free amino groups is 
responsible for the add neutralizing power possessed in such a high 
degree by some proteins. It is believed, however, by the writer, that 
Robertson has failed to consider the possibility of free amino groups 
in arginine which do not react with nitrous acid. His statement that 
roo equivalents of sturin neutralize no less than 24 equivalents of acid, 
does not seem unreasonable, when, we consider that 1 /i the lysine nitrogen 
plus ’/< the arginine nitrogen gives us a figure of 20 equivalents. In 
considering salmin he concluded that since it gives no nitrogen with 
nitrous acid, this protein contains no free amino groups; from Kossel 
and Cameron’s work 2 it appears, however, that the amino groups on the 
guanidine end of the arginine molecule might be free and yet not react 
with nitrous add to give nitrogen. 

Considering now the positions on the protein molecule most likely 
to have affinity for the hydroxyl ions we might look to the dicarboxylic 
adds, but since the COOH groups of glutamic and aspartic acids which 
are not bound up in the peptide linkage are combined in an amide group 
with ammonia, it is likely that the affinity at these points would be small. 
Calculations bear this out in that there is no definite relation between 
the base adsorbed and the dicarboxylic acid content of the proteins. 
The effect of dil. alkali in racemizing proteins is of interest in this con¬ 
nection. According to Dakin and Dudley’s 3 theory the alkali is the 
factor in effecting the keto-enol transformation in the peptide linkage 
which renders the amino acids optically inactive. In such cases it is 
quite probable that one hydroxyl ion is held at each peptide junction 
where this transformation occurs. An attempt to correlate alkali adsorp¬ 
tion experimental data with their work on racemization was unsuccessful, 
however, the data are meager and it may be that the method discussed 
may help in elucidating this question. In general it seems that the 
proteins having a high affinity for alkalies are high in the simple, straight 
chained amino acids, but attempts at further correlation failed. 4 

1 Loc. cit., p. 20. 

* Loc. cit. 

■ J. Biol. Chem., 15, 271 (1913). 

4 Hr. Bracewell has been good enough to show me the material in his article. 
I am inclined to agree with him that the amount of acid adsorbed by proteins is de- 
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The work described in this article was performed in the chemical 
laboratory of the University of Illinois. 

Chicaoo, III 


[Contribution from the Geophysical Laboratory of the Carnegie Institution 

of Washington.] 

APPLICATION OF THE THERMIONIC AMPLIFIER TO CON¬ 
DUCTIVITY MEASUREMENTS.' 

By R. E. Hall and L. H. Adams. 

Rtct vrf July 28, 1919 

The use of the thermionic amplifier as an aid in making conductivity 
measurements is an outgrowth of the necessity for accurate work under 
restricted conditions. We have been confronted with the need of making 
resistance measurements on saturated solutions of electrolytes in cells whose 
volume is small and whose electrodes are limited in area to approximately 
2 sq. mm. Under these conditions, to avoid heating effects during a meas¬ 
urement, and to minimize polarization at the electrodes, as far as pos¬ 
sible, the current through the cell should be made as small as is com¬ 
patible with a correct bridge setting; and the lower limit to the value 
of the current is determined by the sensitivity of the telephone. 

Ordinarily the conductance cell is designed to meet the requirements 
of the telephone which is to be used with it. A good telephone has an 
audibility current of io~ 8 or io" 4 amperes, audibility current being 
defined as the least current through the telephone which will produce 
an audible tone. For the majority of uses in connection with measuring 
conductivities this is sufficient sensitivity. If one is not confronted with 
limitations in the size and spacing of the cell electrodes, and can work 
in a quiet room, there is little difficulty in satisfactorily determining the 
minimum, for one can vary the current passing through the bridge until 

termined by their content of the two diamino acids, lysine and arginine. It should 
not be concluded from this, however, that a protein containing no lysine or arginine 
would adsorb no acid at all. I believe that, owing to their amphoteric nature, all 
proteins would adsorb some acid, in the form of a double layer of hydrogen ion and 
acid ion; the electrostatic force set up by this double layer, however, would discourage 
further adsorption, and with increasing concentration of acid the adsorption would 
finally cease to increase. If now, lysine or arginine are present in the protein, the 
adsorbed acid will be mainly fixed by the strong forces produced by the free amino 
groups of these acids; after these forces are neutralized, further indiscriminate ad¬ 
sorption at places on the molecule having weaker forces will be prevented by the 
electrical charge which has been set up. On this basis we should expect the amount of 
add adsorbed by ordinary proteins, containing lysine and arginine, to be determined 
mainly by the content of these diamino acids, as has been found by Mr. Bracewell. 

Richard C. Tolman. 

1 Presented at the Buffalo meeting of the American Chemical Sodety, April 7-ri, 
1919. 
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it meets the requirements of the telephone. But even then, it is neces¬ 
sary to be very careful in regard to the heating effects caused by the 
current passing through the cell, and for this reason to follow a rather 
definite schedule in making bridge settings. 1 Further, increasing the 
current through the system, as a means of shortening as much as pos¬ 
sible the region of absolute silence in making the bridge setting, in addi¬ 
tion to increasing the heating effect, is disadvantageous in increasing any 
errors due to polarization; while decreasing the current to the lowest 
value compatible with an accurate setting renders the determination of 
the minimum point a continuous strain on the nerves. Since the dimen¬ 
sions of our conductivity cell were limited by the bomb in which we were 
working, it was necessary to increase appreciably the sensitivity of the 
telephone. 

Different methods for increasing the sensitivity of the telephone have 
been discussed by Washburn. 2 (i) Mechanical tuning consists in so 
adjusting the diaphragm that its fundamental vibration period is the 
same as that of the current. In the telephones designed for wireless work, 
or for conductivity measurements, the diaphragm is usually adjusted by 
the makers to a frequency of about 1000 cycles per second, and for all 
ordinary work, this frequency is satisfactory. (2) Electrical tuning is 
said to be of twofold value in that the insertion of capacity in series com¬ 
pensates for the inductance of the telephone and at the same time is 
effective in damping out higher harmonic tones. Our experience with 
this type of tuning has been unsatisfactory both with a telephone of low 
resistance and low impedance, and one in which the resistance and im¬ 
pedance are high. We have found a condenser connected in parallel with 
the telephone to be of advantage, however, in damping out any tones 
higher than the fundamental. (3) The use of acoustical timing pre¬ 
supposes a current of almost unvarying frequency, and consequently 
requires adjustment for any changes in frequency. (4) The use of the 
stethoscope has been suggested by Curtis 3 as an aid with the tele¬ 
phone. In any of these arrangements, the gain in sensitivity is not great, 
as the current through the telephone is at best near its allowable lower 
limit. 

The Amplifier.—The thermionic amplifier places at our disposal a 
means of increasing the current through the telephone almost indefinitely 
without in any manner changing the current through the remainder of 
the system, or it allows us to decrease the current through the bridge 
network very considerably, without any sacrifice in the accuracy of locat¬ 
ing the balance position on the bridge. 

1 Leeds & Northrup Co. Catalog 48, p. 29. 

2 This Journal, 39, 235 (1917). The original references will be found here. 

• Mentioned by Taylor and Acree, This Journal, 38, 2406 (1916). 
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Reference to Fig. 1 will make plain the principle 1 upon which the 
amplifier works. V is an electron-tube generator or audion; it consists 
of an evacuated bulb containing (1) a heated filament F, which acts 
as a source of electrons; (2) a metal plate P; (3) a grid of fine wire G, 
placed between the plate and filament. When the filament is heated, it 
becomes a source of electrons; with their discharge it acquires a positive 



Fig 1 —The Wheatstone bridge and the amplifier The amplifier is drawn on a 
considerably larger scale than the bridge. 

charge. Finally this positive charge attains such a value that the elec¬ 
trons are attracted back at a rate equal to their rate of emission, and 
equilibrium ensues. If, however, the plate P is maintained at a positive 
potential relative to the filament F, as for instance by the plate battery 
shown in the figure, the electrons will move from F to P, and a direct 
current will flow in the plate battery circuit. The amount of this cur¬ 
rent depends upon the temperature of the filament, the voltage of the 
battery, and the characteristics of the grid. Fig. 2 illustrates the influ¬ 
ence of the grid voltage on the plate current. If the potential of the 
grid has a sufficiently large negative or positive value, the electronic 
current is a minimum or maximum, respectively. For a large section 
of the curve on either side of zero potential, the plate current is a linear 
function of the impressed voltage. If now an alternating voltage is 
'superimposed on the grid voltage, the current in the plate battery cir¬ 
cuit is dependent upon whatever part of the curve we are working in. 
If the voltage of the grid corresponds to the point A, an increase in 

1 L. DeForest, Electrician, 73, 842 (1914); Elec. World, 65, 465 (1914); I. Lang¬ 
muir, Phys. Per., [2] 2, 450 (19:3); Gen. Elec. Rev., May, 1915, 327-339; E. H. Arm¬ 
strong, Elec. World, 64, 1149 (1914); H. J. Van der Bijl, Phys. Rev., [2] 12, 171 (1918); 
M. Latour, Electrician, 78, 280 (1916); Bur. Standards, Circ. 74, 200 (1918). 
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negative potential will result in a diminution of current in the plate 
battery circuit, and a decrease in negative potential will result in a 
small augmentation of current, but the diminution and augmentation 

of current will not be equal. On the 
^. other hand, at zero potential of the grid, 
the same decrease and increase of volt- 
/ age will produce corresponding equal 

/ changes in the values of the plate bat- 

I / tery current. Oscillographs of the input 

I / and plate battery currents taken with 

| /s the instrument working at this point 

/ J of the curve, show them to be entirely 

f / | in phase. 1 For amplification without 

| / j distortion, then, tlie grid voltage must 

/ I correspond to the linear section of the 

j curve. In Fig. i it will be seen that 

• f'.-L.— -1-^- the voltage of the grid is controlled by 

Gmo voltmw its connection to the negative terminal 

Fig. 2 —The relation of plate current to 0 f the filament battery. Now as the 
grid voltage in a 3-element vacuum y j, f re q uenC y current from the bridge 

tube A characteristic curve. . . . .. a . 

induces periodic fluctuations of poten¬ 
tial in G, the thermionic current between F and P changes simultaneously. 
Accordingly, the current in the plate battery circuit, and therefore in the 
telephone T, is periodically increased or decreased, the frequency re¬ 
maining the same as in the primary current. “It is seen that the device 
functions broadly as a relay, in that variations in one circuit set up 
amplified variations in another circuit unilaterally coupled with the 
former.”® 

The amplification which is desired determines the number of amplifier 
bulbs which shall be used. The instrument* which we are using (Fig. 3) 
is a two-step amplifier, manufactured by the Marconi Wireless Telegraph 
Company and used for wireless telephony in connection with airplane 
work. It consists of two audion bulbs, 4 connected in cascade, with the 
necessary transformers and condensers. As shown in Fig. 1, the leads 
which, in the ordinary conductivity apparatus, connect the • telephone to 
the bridge, are now attached to the input terminals of the amplifier. The 
telephone may be connected so that either one bulb is used, or the full 
amplification of the two bulbs obtained. The plate voltage is maintained 

1 B. H. Armstrong, Elec. World, 64, 1149 (1914). 

* H. J. van der Bijl, Loc. cil 

• * We are indebted to the Radio Laboratory of the Bureau of Standards for the 

loan of this instrument. It is now possible, with the end of the war, to purchase the 
instrument in the commercial market. 

* V. T. 1 tubes, manufactured by the Western Electric Co. 
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by a battery of dry cells, and the filament current is furnished by a 6-volt 
storage battery. 



Fig. 3 —The amplifier. 


The Gain in Sensitivity by the Introduction of the Amplifier.—The 

advantage to be gained in conductivity work through the use of the 
amplifier is shown by the series of measurements recorded in Table I. 
The current in the bridge circuit, measured by a vacuum thermocouple, 
was 0.4 X to -3 ampere, except for one measurement with 0.2 X 10~ a 
ampere. Metallic, non-inductive resistances were used, and all measure¬ 
ments were made on the ordinary Leeds & Northrup circular slide- 
wire bridge, with the extension coils in. The figures in the second 
and third columns of the table represent the number of full divisions 
on the bridge wire between the points at which the minimum audibility 
current passes through the telephone; 0.05 division is the smallest unit 
which can be interpolated. The telephone, a Western Electric instru¬ 
ment, Type CW834, has a direct-current resistance of 2270 ohms. A 
'qualitative determination of the resonance frequency' showed it to lie 
between 900 and 1100 cycles per second. At a frequency of 900 cycles, 
its effective resistance, 5 as measured in a Rayleigh bridge, is 7500 ohms, 
and its reactance is 16600 ohms. The telephone was connected to the 
amplifier so that the amplification from both tubes was obtained. 

1 A. E. Kennelly and H. A Affel, Proe. Am. Acad , 51, 421 (1915b 

* We are indebted to Dr. F. B. Silsbec, of the Bureau of Standards, for making this 
measurement for us. 
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Table I. 

Improvement in audibility obtainable using an amplifier and a 2270 ohm telephone. 


Frequency : 

1000 cycles. 

Plate battery 

voltage. 

35- 

Current in 

bridge circuit. 


(D04 X 

10 “* ampere 

(II) 0.17 

X 

10 ~ 3 ampere 



Resistance 
in arms of 
bridge R 
Ohms 

Region of silence on bridge 
wire in scale divisions 


/y X 10 * amperes 


Without 

amplifier 

With 

amplifier 


Without 

amplifier 

With 

amplifier. 


IOOO 

3 

O 05 


0 85 

O 014 


9500 

5 

0 05 


1 4? 

O 014 

I. .. 

30000 

6 

O 05 


1 28 

O Oil 


60000 

10 

O 40 


1 46 

0 058 

II 

30000 

24 

O 40 


2 18 

0 036 




Average, i 44 

0 027 


The audibility current of a telephone according to Washburn 1 is given 
by the equation 


1T 


A RgRI 



(1) 


in which I T is the current through the telephone /,• that in the circuit, 
A Rb is one-half of the resistance of the section of wire ("region of silence”) 
given in the table, R B the resistance of the slide wire, R the resistance 
in the arms of the bridge, and Rt the effective resistance of the tele¬ 


phone. The expression + — + Rjj represents the resistance of the 

telephone circuit; no term appears for the reactance, as this has pre¬ 
sumably been eliminated by the insertion in series with the telephone of 
the proper capacity. If, however, the circuit has not been tuned to 
resonance in this way, its impedance will be given by the expression 

+ (Lu) 2 , in which Lu represents the reactance of 

the telephone at the frequency at which R T was measured; and our 
equation for I T becomes 



It = 


ARgRI 


(y + r )^ I{y + T + Rr J + ( I “) 1 


(2) 


With a telephone of low resistance and inductance, the use of either 
equation will give practically identical values for I T ; but if the resistance 
and inductance are high, as in our telephone, and the circuit is not tuned 
to resonance, the latter equation should be used. 

Equation 2 has been used in making the calculations for the table. 
The average value of I r , when no amplifier was used, is seen to be 1.44 X 
iq~’; with the amplifier, it becomes 0.027 X 10 - *, 1. e., the telephone 
1 This Journal, 38, 2431 (1916), 39,335 (1917)- 
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becomes apparently 50 times as sensitive. Of course, in the latter case, 
It does not represent the real current through the telephone, but is a 
measure of the effective sensitivity of telephone and amplifier combined. 
In other words, a current no greater than o 027 X io~ 9 ampere would 
produce an audible tone in a telephone whose sensitivity was equal to 
that of telephone and amplifier combined. It is readily seen that the 
introduction of the amplifier permits the current through the bridge to 
be reduced to '/to of the value necessary when no amplifier is used, with 
no loss in accuracy in determining the null setting; or a reduction of the 
current to perhaps V10 of its value, while still retaining the sensitivity 
of the telephone at several times the value it had without the amplifier. 

It will be noted that the telephone used in these tests was a high resis¬ 
tance instrument. This should be the case for use with the amplifier, 
as it develops the greatest power when working into a resistance of -sev¬ 
eral thousand ohms. However, tests were made on several other tele¬ 
phones of varying resistance, the results of which are shown in Table 
IT. It will be seen that in every case, with constant current, the use 
of the amplifier has greatly diminished the region of silence on the bridge 
wire. If It is calculated as in the preceding table, 1 every telephone 


Table II 

Comparison ot several telephones with and without the amplifier 
Frequency 1000 cycles Plate battery voltage is Current in bridge circuit- 
033 X io~ J amperes R - 10,000 


Division of bridge wire 
for audibility current 


IT X 10* 


Telephone 

rvc- lsiauft; 

of 

telephone 

Without 

amplifier 

With 

amplifier 

Without 

amplifier 

With 

amplifier. 

i Western electric CW834 

2270 

4 0 

O 05 

O 94 

O 012 

2 C Branded 

1052 

10 0 

O 25 

7 70 

O 19 

3 Unknown make 

1 S 4 

35 0 

O 4 

31 60 

0 35 

4 Western electric tunable 

106 

100 0 

I O 

91 00 

0 91 

5 Ordinary Bell . .. 

ss 

7 0 

O 25 

6 40 

0 23 

6 Unknown make 

63 

60 0 

0 5 

55 00 

0 46 


tested with the amplifier shows an audibility current value of less than 
1 X io~ 9 amperes; in fact, very much less except in one instru¬ 
ment. The high resistance telephone of the Western Electric Co., de¬ 
veloped especially for work in wireless telegraphy and telephony, is 
decidedly the most sensitive. On the whole, this type of test is quite 
unsatisfactory, but serves to determine the relative sensitivity of the 
telephones. The measurements show that with the insertion of the 

1 With this difference, that with the excepuon of No 1, which was calculated by 
Equation 2, the direct current resistance was used for Rt, and the reactances were 
not taken into consideration. This will affect the results but little except in No. 2, 
in which the audibility current would be smaller, undoubtedly, if the impedance were 
used. 
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amplifier, even a relatively poor telephone becomes more sensitive than 
the very best telephone without it. 

With the introduction into the circuit of an instrument as sensitive 
to all electro-magnetic disturbances in the vicinity as the amplifier is, 
naturally much care must be taken. If there are any appreciable induc¬ 
tive effects nearby, caused, for example, by electric furnaces fed by 
alternating current, a tone will be heard in the telephone whose pitch 
corresponds to the number of cycles of the a. c. supply, or the harmonics 
of this. The click of the relay attached to the thermostat, and any 
sparking in the generator of the high frequency current, will be heard. 
The latter, of course, would be eliminated entirely if the Vreeland oscil¬ 
lator were used as a source of current. However, using a Holtzer-Cabot 
generator, we have had but little trouble from the accidental sounds 
arising from this source. A good ground connection both to the bridge 
and to the amplifier is necessary, and the various cables leading to the 
bridge should be armored and this armor grounded. Our bridge, on 
account of the shop and power plant noises nearby, had been placed in 
a telephone booth. When the amplifier was placed in the booth, its 
proximity to the other parts of the bridge and to the operator was such 
that the null setting obtained could not be depended upon to give the 
true resistance. When it was placed outside the booth, and shielded, 1 
this difficulty disappeared entirely, so that measurements of metallic 
resistances made with direct and alternating current have checked re¬ 
peatedly to i part in 50 to 80 thousand. A condenser in parallel with 
the telephone is advantageous in damping out any harmonics. It is 
necessary further to adjust very carefully by the usual air condenser the 
capacity in the arm containing the Curtis coils, especially in the case of 
saturated solutions in small cells such as we are using. By proper adjust¬ 
ment of this capacity, however, and that in the telephone circuit, a min¬ 
imum is obtained which is entirely devoid of either the higher notes or the 
fundamental. 

The current 2 through the telephone, when used with an amplifier, 
consists (1) of the direct current maintained by the plate battery when 
no alternating voltage is applied to the grid; (2) of the alternating cur¬ 
rent which is present when such voltage is applied; (3) of a first harmonic; 
and (4) of a d. c. component due to the alternating input voltage. The 
only current of importance in amplification is the alternating output 
current, and this is a linear function of the voltage impressed upon the 
input circuit. The power amplification is independent of the input and 
the frequency. When the amplifier works into an impedance equal to 

1 Placing the amplifier in a grounded metal can proved to be a convenient and 
effective method of shielding. 

* H. J. Van der Bijl, Loc. cii. 
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or greater than its own, the harmonic becomes negligibly small as com¬ 
pared to the main alternating current. The rapid increase in current 
through the telephone circuit as the sliding contact moves away from 
the null position on either side, and the consequent large increase in the 
sound from the telephone render the determination of the minimum 
setting very sharp, so that in work in which a minimum setting may be 
made readily with the ordinary arrangement, the introduction of the 
amplifier is a source of much satisfaction, owing to the very rapid de¬ 
crease of sound to entire silence as the sliding contact passes over the 
balance point. 

Our work necessitates measuring resistances of saturated solutions in a 
cell whose maximum external diameter is 13 mm., and whose electrodes 
may be separated by no more than 55 mm. Further, the restricted por¬ 
tion of the cell must be of large enough diameter to allow free circulation 
of the solution. If we allow 5 mm. for the diameter of this portion of 
the cell, the resistance for a saturated sodium chloride solution is about 
100 ohms. The measurements should not differ among themselves by 
more than 0.003%. The small size of the electrodes necessitates con¬ 
siderable care to eliminate the effects of polarization. The possibility 
therefore, of greatly reducing the current, without decreasing the ac¬ 
curacy of determining the position of silence on the bridge wire, has 
been of great value to us. We are working, too, in a room in which 
the installation of a telephone booth has not sufficed entirely to remove 
distracting sounds. But the in¬ 
troduction of the amplifier has 
made the determination of the 
minimum an easy matter even 
under these adverse conditions. 

The Electron Tube as a 
Source of Alternating Current. 

—By means of an arrangement 1 
such as that shown in Fig. 4, 
the electron tube becomes a gen¬ 
erator of high frequency current. 

The frequency is controlled by 
th^ condensers C and C', one of 
which is of small capacity, and 
continuously variable over its 
range; the other, variable in 
steps of perhaps 0.005 micro¬ 
farad. A generator of this gen- 

1 This arrangement was brought to our attention by Dr. J. M. Miller, of the 
Radio Laboratory, Bureau of Standards. 



Fig. 4 —The electron tube as a generator of 
alternating current. 
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eral type may be made to yield a current of from a few tenths of a milli- 
ampere or less to 25 amperes, and with a frequency varying from l /» cycle 
per second to 50 million cycles per second 1 

As a current generator for the preceding measurements, we used as 
oscillator a V.T. 1 tube, of the same type as used in the amplifier. The 
plate voltage was maintained by a 56-volt storage battery; the current 
for the filament was taken from the same source. The transformer was 
one which we happened to have; the resistance of the primary coils was 
205 ohms, their inductance 25 henrys; the resistance of the secondary 
coils was 0.76 ohm, the inductance 0.064 henry. While the limits of 
frequency were not determined, a variation from a very few cycles per 
second to the limit of the ear for detection, was readily obtained by varying 
the capacities C and C'. For work at 1000 cycles, C and C' could be 
omitted entirely, merely varying the current through the filament giving 
a sufficient range of frequency. 

Table III contains data showing the current at a frequency of 1000 
cycles in the external circuit when its total resistance was varied from 
19000 to 550 ohms. The available power, although only a small fraction 
of a watt, would often prove sufficient for conductivity work. Of course, 
much more power could be obtained with a larger tube or higher plate 
voltage. 

Table III 

Current obtainable from a V T 1 tube acting as generator, with varying eiterual 

resistance 

Plate voltage. 56. C anil C'. Set at o 


Transformer Resistance ohms Inductance henrys 

Primary. 204 8 25 4 

Secondary. 0.76 o 064 


Totaljexternal 

Vacuum thermocouple: 

Current 

Power 

resistance 

microvolts 

miUUmperes 

watts 

19200 

41 

O 33 

0.0021 

14200 

72 

0 44 

O 0027 

9200 

154 

0 64 

O 0038 

4850 

547 

1 26 

O 0077 

2700 

1630 

2 2 

0 0131 

1600 

3110 

3 1 

O 0154 

IOOO 

5200 

4 2 

O 0176 

800 

6230 

4 7 

0 0177 

700 

6820 

4 9 

O 0168 

600 

7670 

S 4 

0 0175 

550 

S210 

5 6 

O 0173 


The use of an electron tube as a source of alternating current in resis¬ 
tance measurements makes available a generator at once cheap and pro¬ 
viding a wide range of frequency. Its main disadvantage lies in the 
fact that a first harmonic is present, which is particularly noticeable at 
1 W. C. White, Gen. Elec Rev , 1916, 771 (September); 1917,635 (August). 
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low frequencies; at 1000 cycles or more, it is not noticeable enough to be 
troublesome. 

Conductivity Measurements at Extreme Frequencies.—One other point 
of value in the application of the amplifier to conductivity measurements 
may be mentioned here. In wireless work, in which undamped oscilla¬ 
tions of high frequency are used, the pitch of the resulting notes may 
be too high to be audible but the signals can be made audible in a tele¬ 
phone by beats. For instance, if two sources of oscillations, one of a 
frequency of 100,000 and the other of 101,000, act together on the same 
circuit, the note heard in the telephone will be that due to 1000 pulses 
per second. In wireless the one source of oscillations is the antenna, 
receiving them from the sending station; the other source is the electron 
tube itself, so adjusted to act as an oscillator. In this way, the tube 
acts simultaneously as a local source of oscillations, and as a receiver 
and amplifier of oscillations from the sending station. This is called the 
autodyne method. If, then, it would be advantageous for any reason 
to use higher frequencies than 5 or 10 thousand cycles in making con¬ 
ductance measurements, by an application of this method, the telephone 
could still be used for determining the point of balance in the bridge. 
We are planning to investigate this use of the audion tube. 

Summary. 

1. The use of an amplifier in conjunction with the telephone in the 
measurement of the resistance of solutions makes much simpler the deter¬ 
mination of the balance position of the bridge. Any ordinary telephone be¬ 
comes a more sensitive instrument with the amplifier than the best tele¬ 
phones without it. When a sensitive telephone is used, the current through 
the bridge may be reduced to a tenth of the value necessary without 
the amplifier, and the instrument still will have several times the sen¬ 
sitivity it has without the amplifier. 

2. An electron tube may be used as a source of alternating current 
for conductance measurements. Its advantages are its cheapness and 
the wide range of frequencies which may be obtained with it. A first 
harmonic is present in the current, which is noticeable at low frequencies, 
but which is not troublesome at a frequency of 1000 cycles or more. 

3. If, for any reason, it should be desired to use frequencies in con¬ 
ductance measurements beyond the limit of the human ear, a telephone 
could still be employed to indicate the bridge balance by the use of the 
autodyne method. 

Washington , D. C. 
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THE CAUSE OF AND REMEDY FOR CERTAIN INACCURACIES 
IN HAUSMANN’S NITROGEN DISTRIBUTION METHOD. 

By S. L. Jodidi 1 and S. C. Moulton. 

Received July 29, 1919. 

The importance of proteins as life carriers in the plant and animal 
organism, as well as the significance of amino acids as simple substances 
out of which the protein molecule is built up, has long been recognized. 
The amino acids, along with the proteins assume added significance 
because of their importance in nutrition, as demonstrated by the more 
recent researches of Osborne 1 and Mendel, McCollum,* Van Slyke, 4 Hart,* 
Abderhalden* and their collaborators. It is for this reason that it is 
frequently desirable to analyze for the amino adds quantitatively. This 
can be accomplished by estimating the chemical groups characteristic of 
the different amino acids, according to the well-known method of Van 
Slyke, 7 or the diamino adds may be isolated and determined according 
to the method of Kossel® and Kutscher* and their collaborators, while 
the monoamino acids may be estimated according to Fischer’s ester 
method. 10 

Whereas Van Slyke’s method has the great advantage that it yields 
quantitative results with but a small amount of material (about 3 g. of 
protein) its disadvantage is that the time factor is not insignificant. On 
the other hand, analysis of proteins by the methods of Kossell and Kut¬ 
scher and those of Fischer requires very much more material and time. 

It is true that by Hausmann’s method 11 the nitrogen distribution in 
the protein molecule can be determined in a very short time and with 
but one g. of protein material. But although the method yields fairly 
accurate results for acid amide nitrogen, the results for diamino and 
monoamino acid nitrogen are far from being accurate. Osborne and 
Harris 17 have essentially improved Hausmann’s method by showing how 

> We wish to express our thanks to Mr. K. S. Markley for some assistance in this 
work. 

’I Biol. Chem., 12, 473 (1912), 13. 233 (1912); 27, 325 (1914); *8, 1 (1914); 20, 
351 (191s), 26, 1, 293 (1916); 29, 69 (1917). 

*IW„ 19, 323 (1914); 20, 413 (191s); 38, 211, 483 (1916). 

4 Ber., 43, 3170 (1910), J. Biol. Chem., 16, 231 (1913). 

* J- Biol. Chem., 21, 239 (1915); 26, 457 (1916); 29, 57 (1917); 3 ri 4IJ. 445 <i 9 » 7 >- 

* Z. physiol. Chem., 96, 1 (1915). 

7 J. Biol. Chem., 10, 15 (1911-1912); 22, 281 (1915); 23, 411 (1915). 

* Z. physiol. Chem., 31, 165 (1900-01). 

* Ibid., 49, 318 (1906); 52, 108 (1907). 

n Ibid., 33, 131,412 (1901). 

17 Ibid., 27, 93 (1899); 29, 47, 136 (1900). 

17 This Journal, 25, 323 (1903). 



hausmann's nitrogen distribution method. 1527 

to determine humin nitrogen (which was not done by Hausmaan) and 
by elaborating the exact conditions under which the diamino adds can 
be predpitated quantitatively. They also suggested calculating mono- 
amino adds by difference rather than estimating them directly, since 
their direct determination by the Kjeldahl method, in the presence of a 
large quantity of phosphotungstic add inddental to Hausmann’s method, 
yields too low results. 

In applying Haustnann's method on various occasions, the writer 1 
found that while the figures for acid amide nitrogen were on the whole 
uniform and fairly accurate, those for diamino and monoamino nitrogen 
were not as uniform and sometimes could not be duplicated. Observa¬ 
tions on Hausmann’s method show that the more magnesium oxide is 
used in the distillation of the acid amide nitrogen, the more humin nitro¬ 
gen is retained by the magnesium oxide. This is plainly visible, since 
the color of the residual liquid containing the basic and non-basic nitro¬ 
gen is lighter when a larger amount of magnesium oxide is used. In 
this connection Hausmann* fails to specify the amount of magnesium 
oxide to be added to the evaporated hydrolyzed substance, while Osborne 
and Harris* recommend adding this reagent until it is in slight but dis¬ 
tinct excess. However, because of the insignificant solubility of mag¬ 
nesium oxide in water (1:55368) and the slight alkalinity of its solution 
one is apt to use a considerable excess. This is especially true in the 
analysis of biological materials containing chiefly carbohydrates and but 
a small proportion of proteins and amino adds. Excessive use of mag¬ 
nesium oxide, however, involves significant errors, as will be shown in 
the experimental part of this paper. 

Experimental. 

Casein. —The casein used in these experiments was prepared from 
skim milk essentially according to the method of Hoppe-Seyler.* The 
purified, air-dried casein, contained 8.89% of moisture and 15.53% of 
nitrogen, calculated to the oven-dried substance. 1.2 g. quantities of 
air-dried casein were treated with 75 cc. of 20% hydrochloric add and 
kept boiling under reflux for 10 hours. Each of the hydrolyzed portions 
was next evaporated on the steam bath, practically to dryness, transferred 
quantitatively to 800-cc. Kjeldahl flasks with 250 cc. of boiling hot water, 
cooled and distilled with various amounts of magnesium oxide previously 
mixed to a cream with 100 cc. of water. The distillate was titrated with 
0.1 N sulfuric acid, in order to determine the add amide nitrogen. 

1 S. L. Jodidi, This Journal, 32, 396 (1910); 33, 1226 (1911); 34, 94 (1912); also 
Mich. Agr. Expt Sta., Tech. Bull. 4 (1909): Jodidi and Wells, Iowa Agr. Expt Sta., 
Research Bull. 3 (1911); Jodidi, Kellogg and True, J. Agr. Research, 15, 385 (1918). 

* Z. physiol. Chem., 27, 98 (1899). 

* This Journal, 25, 331 (1903). 

4 Hoppe-Seyler's Handbuch d. Physiol, u. Pathol. Chem. Anal., Berlin, 1909, p. 488. 
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The magnesium oxide residue was now filtered off and thoroughly 
washed with boiling hot, ammonia-free water until free from hydro¬ 
chloric add. The filter and its contents were next put into a 500-cc. 
Kjddahl flask, to which the residue in the 800 cc. flask was then quan¬ 
titatively transferred by means of dil. sulfuric add, and the whole anal¬ 
yzed by the Kjeldahl method, to obtain the proportion of "humin” nitro¬ 
gen. 

Filtrate and washings from the magnesium oxide residue were evap¬ 
orated on the water bath to 100 cc., cooled to 20°, and treated with 5 
g. of sulfuric add and 30 cc. of a solution containing 5 g. of sulfuric add 
and 20 g. of phosphotungstic add per 100 cc. After about 24 hours 
the predpitate was filtered out and washed with a solution containing 
5 g. of sulfuric add and 2.5 g. of phosphotungstic acid per 100 cc. The 
washed predpitate and the filter were subjected to oxidation for 8 hours, 
according to the Kjeldahl method, which gave the nitrogen of di amin o 
adds. 

In all experiments a correction was made for the nitrogen present in 
the reagents. 

The proportion of the monoamino add nitrogen was found by sub¬ 
tracting from 100 the sum of the nitrogen per cents, obtained by the 
above operations. 

The results representing the average of duplicate estimations are pre¬ 
sented in Table I. Examination of the table shows that the percentage 
of the add amide nitrogen is practically the same in all experiments, but 
that the percentage of nitrogen contained in the magnesium oxide pre¬ 
dpitate is higher when a larger quantity of magnesium oxide is used 
for distillation, and the percentages of monoamino and diamino nitrogen 
are correspondingly lower. Since the hydrolysis of the various portions 
of casein took place under identical conditions, the amount of humin 
nitrogen formed should be the same in all cases. Hence, the fact that 
different quantities of nitrogen were retained by the magnesium oxide 
clearly indicates that diamino and monoamino add nitrogen as well as 
humin, nitrogen, were adsorbed. 

Tabus I.—Nitrogen Distribution in Casein. 

Nitrogen of Nitrogen of mag- Nitrogen of Nitrogen of 

Mag- nod amides. nesium oxide ppt. diamino acids. monoamino adds. 

nesium .. —> ■—- --— > • ■ --- . ■ — * 


oxide Oven- Oven- Oven- Oven- 


used for 
distilla¬ 
tion. Q. 

dried 

casein. 

%. 

Casein 

nitrogen. 

%. 

dried 

casein. 

%• 

Casein dried 

nitrogen, casein. 
%• %■ 

Casein 

nitrogen. 

%- 

dried 

casein. 

%■ 

Casein 

nitrogen. 

%• 

4.0 

1.60 

10.28 

0.74 

478 279 

17.97 

10.38 

66.84 

2.0 

1.59 

10.21 

O.4I 

2.60 2.96 

1903 

10.39 

68.17 

Z.O 

1.58 

10.15 

0.27 

i- 7 » 

. .. 


. . . 

0-5 

i -59 

10.22 

0.20 

1.30 3-27 

21.05 

10.47 

67.43 


If the humin nitrogen formed in the course of the casein hydrolysis were 
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insoluble it should be possible to separate and estimate its exact pro¬ 
portion; and the nitrogen present in the magnesium oxide would be sim¬ 
ply adsorbed nitrogen of diamino and monoamino acids. To determine 
what actually happens, several more portions of 1 2 g. of air-dried casein 1 
were hydrolyzed under exactly the same conditions as before. The 
hydrolyzed liquids, however, were evaporated on the water bath to 
dryness, taken up with hot water, filtered through a double filter and 
refiltered until the filtrate was perfectly clear. The black residue on 
the filter was then washed with boiling hot ammonia-free water until 
the filtrate was free from chlorine, whereupon the filter and residue were 
oxidized by the Kjeldahl method and the proportion of the insoluble 
humin nitrogen thus determined. The dark brown but perfectly clear 
filtrate and washings from the insoluble black residue were concentrated 
and used for distilling off, with the aid of magnesium oxide, the ammonia 
corresponding to the acid amides, etc., as already outlined. The data 
in question which represent the average of duplicate analyses are sum¬ 
marized in Table II. 

Tablb II —NrrROGBN Distribution in Casein, with Removal of the Insoluble 

Humin Nitrogen 


Insoluble 

Mug humin nitrogen 

Nitrogen of 
acid amidei 

Nitrogen in mag¬ 
nesium oxide ppt 

Nitrogen of 
diamino acids 

Nitrogen of 
moooamino acids. 

oxide Oven Casein 
used for dried mtro- 
distills- casein gen 
Hon G % % 

Oven- 

dned 

casein 

% 

Casein 

nitro¬ 

gen 

% 

Oven- 

dned 

casein 

% 

Casein 

nitro¬ 

gen 

% 

Oven 

dned 

casein 

% 

Casern 

nitro¬ 

gen 

% 

Oven- 

dned 

casein. 

% 

Cason 

nitro- 

40 O 03 O 18 

1 58 

IO 26 

0 77 

4 96 

2 95 

19 16 

10 07 

65 46 

2 0 O 02 011 

1 57 

IO 22 

0 32 

2 06 

3 °7 

19 93 

10 42 

67 68 

10 0 01 0 08 

1 61 

IO 46 

0 23 

I 48 

3 29 

2138 

10 25 

66 60 

O J 0 02 0 16 

Results of Os- 

1 59 

10 32 

O II 

O 72 





borne and 
Harris* . 

1 61 


O 21 


3 49 


10 31 


Results of Haus- 









mann* 

2 13 




J 75 


12 06 

. 


2 07 




I 61 


11 81 







l 52 









z 33 









2 00 





2 10 

(Ave) 



I 84 

(Ave.) 

u 93 

(Ave.) 


In glancing over this table it is readily seen that the proportion of 
insoluble humin nitrogen is insignificant, the data for add amide, di¬ 
amino and monoamino nitrogen fully corroborating the results already 
reported in Table I. While the successive treatment of the magnesium 

1 This casein had a moisture and nitrogen content slightly different from the 
casein used in the experiments already reported 

* This Journal, 25, 349 (1903). 

> Z . physiol. Chtm., 27, 103-4 (1899). 
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oxide precipitate with additional and larger quantities of water influences 
somewhat the relative amounts of nitrogen remaining in it and in the 
filtrate this influence is not considered great enough to affect the con¬ 
clusions drawn. 

When we compare those samples in Tables I and II, in which one g. 
of magnesium oxide was used for distillation, we find that these results 
agree very well with those of Osborne and Harris. 

Hausmann’s results differ considerably from those of Osborne and 
Harris, while ours are between the two. It is interesting that 
Hausmann obtained concordant duplicates in the estimation of acid 
amide nitrogen, while his figures for diamino nitrogen show considerable 
variations. In the light of the results in Tables I and II, it seems safe 
to assume that the considerable fluctuations in the diamino nitrogen 
obtained by Hausmann may have been due to different amounts of mag¬ 
nesium oxide used in the distillation, in addition to the fact that Haus¬ 
mann did not quite succeed in rendering the conditions for the precipita¬ 
tion of diamino adds strictly quantitative. 

Similar experiments carried out with egg albumin and gelatin 1 have 
led essentially to the same conclusions. The proportion of nitrogen 
found in the magnesium oxide predpitate was higher, and that of diamino 
and monoamino nitrogen was correspondingly lower, the more magnesium 
oxide was used for distillation, the amount of the latter being of no in¬ 
fluence on the proportion of add amide nitrogen. 

Spinach.—In previous work 2 it was ascertained that the nitrogen of 
the spinach plant ( Spinacia oleracea) is made up of proteins, and non¬ 
proteins (adds, amides, amino adds, etc.). For the following experi¬ 
ment we used air-dried, powdered leaves 8 from healthy spinach plants 
collected on the Childreth farm near Norfolk, Virginia. Several 5 g. 
portions were transferred to round bottom flasks to which 250 cc. of 
20% hydrochloric acid was added and kept boiling under a reflux con¬ 
denser for 10 hours. The contents of the flask were now filtered on a 
Buchner funnel provided with a doth filter and washed with boiling hot, 
ammonia-free water until the filtrate was free from chlorine. The filtrate 
and washings were, on cooling, made up to a definite volume and shaken 
thoroughly. Several 500 cc. quantities of this solution, each containing 
216.2 mg. of nitrogen, were now evaporated on the water bath to dryness, 
whereupon the separation of the add amide, diamino nitrogen, etc., was 
effected as with casein. The results which are recorded in Table III 

1 The data in question may be omitted here for the reason that the egg albumin 
and gelatin used were not quite pure. 

1 Jodidi, Kellogg and True, J. Agr. Research, 15, 393 (1918). 

* The analysis showed them to contain 7.62% moisture and 5.00% nitrogen, 
calculated to the oven-dried substance. 
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fully corroborate the conclusions drawn from the experiments with casein, 
ovalbumin and gelatin. 

Table III.—Nitrogen Distribution in Spinach 

Nitrogen of Nitrogen in mag 

Mag- acid amides nesium onde ppt Basic nitrogen Non basic nitrogen 

neflium ■ - •-- --*-- --*- -—---- 


oxide Oven- Oven Oven- Oven 


used (or 
distilla 
tion G 

dried 

Spinach 

% 

Spinach 

nitrogen 

% 

dried 

Spinach 

% 

Spinach 

nitrogen 

% 

dried 

Spinach 

% 

Spinach 

nitrogen 

% 

dried 

Spinach 

% 

Spinach 

nitrogen 

% 

4 O 

0 88 

17 <)i 

O 26 

5 28 

O 79 

IS 81 

3 06 

6130 

2 0 

0 89 

17 77 

0 19 

l 77 

0 8l 

t6 22 

311 

62 24 

1 O 

0 88 

17 68 

0 11 

2.13 

0 85 

l6 98 

316 

63.21 


An attempt to distill the evaporated hydrolyzed spinach with 0.5 g. 
of magnesia was unsuccessful, the amount of the latter being insufficient 
to render the substance alkaline. 

Summary. 

1. The proportion of acid amide nitrogen obtained by Hausmann’s 
method, as modified by Osborne and Harris, is constant and does not 
depend upon the quantity of magnesium oxide applied to the distillation. 

2. The percentage of nitrogen contained in the magnesium oxide pre¬ 
cipitate is the higher, the greater the quantity of magnesium oxide em¬ 
ployed in distillation. 

3. Conversely, the proportion of monoamino and diamino nitrogen is 
the smaller, the larger the amount of magnesium oxide used in distillation. 

4. In order to obtain uniform results and a minimum of “humin” 
nitrogen it is necessary to use the least possible amount of magnesia 
which is sufficient to render the substance to be distilled alkaline. In 
the case of plant and animal materials the uniform application of one g. 
of magnesium oxide seems to be satisfactory, while in the case of pro¬ 
teins 0.5 g. suffices. 

Washington, D. C. 


(Contribution from thk Geophysical Laboratory of the Carnbgib Institution 

of Washington 1 

THE HYDROCHLORIC ACID COLOR METHOD FOR DETER¬ 
MINING IRON. 

By J. C. Hostbttbr. 

% Received August 2 , 1919 , 

Iron occurs in determinable amounts in a surprisingly large number 
of materials. In the course of work on the raw materials for optical 
glass the determination of this element soon became the most pertinent 
criterion of quality, inasmuch as iron introduced into the glass produces 
color, with a corresponding absorption of light, and lowering of the use¬ 
fulness of the glass. 

In the preparation of solutions of these raw materials for the determina- 
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tion of iron it was observed that the color of the hydrochloric add solu¬ 
tion was a convenient index to the amount of iron actually present. The 
iron in these solutions was subsequently titrated electrometrically and 
experience soon indicated that a method for iron based on this color 
could be made to yield results sufficiently accurate for average control 
work. The subject was later studied somewhat more in detail and the 
present note gi ves the results of experiments undertaken to establish 
conditions for the development of this color, the effects of adds and 
salts, the predsion attainable, and also certain applications of the method 
as finally developed. Several interesting lines of research were suggested 
by these experiments but, unfortunately, time was not available for other 
investigation than that necessary for the development of an analytical 
procedure. 

The yellow color devdoped by ferric chloride in hydrochloric add 
solution has been used as an indicator in the direct determination of iron 
by titration with stannous chloride, 1 the disappearance of the color indi¬ 
cating complete reduction of the iron. Similarly, the appearance of the 
ydlow color is used as an indicator in the determination of tin by titration 
with ferric chloride. 2 Advantage has also been taken of the color of 
ferric chloride solutions in the development of color standards for use in 
drug assays.’ The application of this color to the determination of 
iron was proposed by Huttner in 1914,* but has recdved very little, if 
any, recognition; his results will be presented later. Reference will also 
be made in the course of the text to the older investigations of Miiller 
on the change of color of ferric chloride solutions under different condi¬ 
tions. The researches of Scbaer on the color of solutions of iron salts 
should also be noted here. 6 

The color produced by ferric chloride in hydrochloric acid solution has 
been investigated by Donnan and Bassett, who attribute it to the forma¬ 
tion of some negative ion since, under electrolysis, the color moves toward 
the anode.' Three colored crystalline hydrates of Fe s Clj.2HCl have 
been described by Roozeboom and Schreinemakers 7 and probably the 
color developed in solution arises from these, or similar, compounds. 

Method of Study. 

The colors developed by ferric iron in hydrochloric acid under definite 
conditions were compared with the color produced by a certain quantity 

1 W. W. Scott, Standard Methods of Chemical Analysis, 1917, p. 221. 

‘ C. Mene, Compt. rend., 31, 82 (1850}. 

* H. V. Amy and C. H. Ring, J. Ind. Eng. Chem., 8, 309-317 (1916). 

* Z. anorg. Chem., 86, 341-357 (1914). 

' Arch. Pharm., 239, 257-283, 340-353 (1901). 

* J. Chem. Soc., 81, 955 (1902). 

1 Z . physii. Chem., 15, 391 (1894). 
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of iron under known conditions, taken as the standard. After a series 
of comparisons had been made the results, of course, could be transferred 
by calculation to any other basis and this was done in certain experiments. 
The standard ferric solution first used was made up from ferric alum, the 
actual iron content being determined by electrometric titration with o.oi 
N potassium dichromate solution and also by precipitation with ammonia. 
Later, standard solutions were made up determinate by dissolving ferric 
oxide in i: i hydrochloric acid. 

In the earlier work the color comparisons were carried out in test tubes or 
small cylinders, no optical devices being used to facilitate the comparison or 
to make it more sensitive. Later a color comparator developed by H. E- 
Merwin of this Laboratory, and soon to be described by him, was used 
to good advantage and all of the comparisons were repeated with the 
new device. The heights of the solutions compared varied from io to 
100 mm. and settings could be made to 0.5 mm. in the lower range and 
to 2 or 3 mm. at the greatest height. 

Sensitivity of Method. 

The amounts of iron which were present in our materials ranged from 
0.001% to 0.1% Fe 2 Oj. The iron content for the most part fell within 
the range of 0.005 to 0.02% and an accuracy of 25% on the lower, and of 
10 to 15% on the higher amount was satisfactory. On a 10 g. sample, 
0.01% corresponds to 1 mg. of ferric oxide; this amount of oxide in 25 
cc. of acid can be readily determined colorimetrically within 10%. 

Huttner 1 states that a solution containing 1 part iron in 100,000 pos¬ 
sesses a significant yellow color. 2 

It has been found in this study of the color that a solution of 0.02 mg. 
of ferric iron in 50 cc. of 1:1 hydrochloric acid shows a detectable color 
when viewed lengthwise against a white background through a layer 18 
mm. in height. The color developed by '/j this quantity of iron under 
the same conditions is barely perceptible even when compared with pure 
add (1:1). This sensitivity is ample for most work, but when neces¬ 
sary it may be increased by using more concentrated add, or by adding 
caldum chloride.* 

A good idea as to the intensity of this coloration may be had from the 
fact that the color intensity of a peroxidized titanium solution (developed 
* 1 Loc. cit„ p. 346. 

* Morgan, in a study of Meae's method for tin, has shown that the amount of 
ferric chloride necessary to produce a coloration at the end-point may be lessened by 
viewing a Bunsen dame through the solution; under these conditions the dame takes 
on a greenish color as soon as a trace of ferric iron in excess is added, and 0.035 mg. of 
ferric iron in 25 cc. may be detected in this manner. (J. Anal. App. Chem., %, 169 
(1888). Taken from Mellor, A Treatise on Quantitative Inorganic Analysis, 1913, p. 
310.) 
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under standard conditions 1 ) is, approximately, 16 times the intensity of 
holor developed by an equal weight of iron in i: i hydrochloric acid when 
the height of the iron solution (containing 0.5 mg. of ferric oxide per 
cc.) is about 100 mm. This test was very kindly made by my colleague, 
Dr. H. E. Merwin. Exact comparison, however, could not be made 
since the hue of the iron solution was slightly yellower than that of the 
titanium solution. Both solutions were orange-yellow. 

Permanency of Color. 

Amy and Ring 1 state that the original acidulated solution of ferric 
chloride neither fades nor precipitates to a perceptible degree within two 
years. Experiments carried out in the course of this study showed 
definitely that no change of color took place within 2 or 3 weeks, and 
although longer time tests were not made it is probable that the colors 
of acidified ferric chloride solutions are fully as stable as stated by the 
above mentioned authors. 

Relative Color Intensity. 

The term "relative color intensity" used here is defined as the ratio 
of the depth of the standard solution to the depth of the test solution 
when matched. Expressed otherwise, it is the color intensity developed 
by a quantity of iron under certain conditions, as compared to the color 
intensity developed by the same amount of iron under the standard 
conditions. The solution used as a standard is defined by the concen¬ 
trations of iron and of acid at a given temperature; these conditions are 
expressed on the graphs in Figs. 1 to 4. 

Effect of Temperature upon Color Intensity. 

The effect of temperature upon the color developed by ferric iron in 
hydrochloric add was studied by comparing the color developed in a 
standard add solution held at 30 0 with the color of another portion of 
the same solution heated, or cooled, to some other temperature. The 
color intensity increases with elevation of temperature and it was also 
found that the relative increase depends upon the concentration of iron 
in the solution—the more concentrated the iron solution the greater the 
increase produced by a given temperature rise until a concentration of 
0.5 mg. of iron per cc. is reached, after which doubling the concentration 
causes very little, if any, change in the temperature coefficient. The 
measurements made in this series of tests are subject to two errors which 
could have been avoided only by the development of spedal apparatus. 
The first error was that caused by the temperature changing during a com¬ 
parison, and the second was the formation of a mist in the tube above 
the hot solution developed by the condensation of hydrochloric add and 
1 H. E. Merwin, Am. }. Sci., 18, 119-125 (1909). 

* Lee. cit. 
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moisture. The curves shown in Fig. 1 are the most representative that 
could be passed through points deviating by as much as 15% (maximum). 
The standard color for each series was the color produced by the same 
amount of iron in hydrochloric acid (18.8% HC 1 ) held at 30°. 



Fig. r.—Showing the change of color intensity with temperature for hydrochloric acid 
solutions of ferric chloride containing different concentrations of iron. 
The color developed at 30 s is taken as the standard for each solution studied. 
The temperature coefficient increases with the iron concentration. All 
solutions were made up in 18 8 c / 0 HC 1 


From the slopes of the curves near 30 0 the temperature coefficient is 
found to be approximately 1.7% per degree for dilute solutions con¬ 
taining up to 0.1 mg. of iron per cc.; that for solutions containing 0.2 mg. 
of iron per cc. the coefficient is 2.3% per degree, while for solutions con¬ 
taining 0.5 mg. or more per cc. the coefficient rises to 2.9% per degree. 

The coefficients just given are approximate values obtained under the 
conditions described and apply only to these conditions. It is quite 
probable that the coefficient changes with acid concentration and the 
curves of Fig. 2 shortly to be described support this view. It is also 
probable that there is a time lag in the change of color on heating or 
cooling. 

1 We may note here that Muller 1 found that an elevation of 30° in¬ 
creased the color intensity of a ferric chloride solution from 1 to 1.4 or 
1.5, a result which agrees well with those plotted in Curve B. 

Dependence of Color Intensity upon Acid Concentration. 

Effect of Hydrochloric Acid. —It is a matter of common observation 
that the intensity of the color developed by a certain amount of ferric 
1 A. Muller, Pogg. Ann. Erg&nzungs-h., 6, 123-141 (1874). 
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iron in hydrochloric acid depends upon the concentration of the acid. 
Muller 1 pointed out in 1874 that the color intensity of a feebly acidified 
solution of ferric chloride decreases by dilution with water more rapidly 
than in a strictly inverse proportion to the increase of volume. He also 
showed that hydrochloric acid increases the “specific intensity” of ferric 
chloride solutions. Hiittner made a study of the effect of acid concen¬ 
tration on the color intensity and found that the intensity passed through 
a maximum at about cS r , 1 IC 1 . He carried out this test at ifT', using 
a solution containing 1 part of it on to 20,000. His results, icculenluted 
to another acidity basis, arc shown in the dotted cur\e on Fig. 2, 11111011 
also gives some values obtained in mv repetition of his work. The agiee 
ment is quite satisfactory " It is interesting to call attention hole to 
the lower intensification obtained at a higher tetnperaluic as shown bv 
the curve for 27 



Fig. 2.—Showing the change of color intensity as the concentration or hydrochloric 
acid increases. The broken line gives the results obtained by Huttncr 
recalculated to a different standard. Note the change of relative intensifica¬ 
tion produced by a change of temperature The color produced in acid of 
constant-boiling composition is taken as the standout 

In this detailed study of the effect of hydrochloric acid on the color 
intensity, iron solutions containing various concentrations of acid were 
matched against an iron solution made up in constant-boiling hydro¬ 
chloric acid (20.24% HC 1 ) 3 containing the same amount of iron. The 
results obtained in this test are shown in Fig. 3; they may he summarized 
as follows: (1) The relative color intensity increases from about 0.20 al 
9% acid to 1.4-2.4 at higher acidities (26 to 31/', HO) and then decreases 
1 Loc. cit. 

1 The acid available was, unfortunately, not sufficiently concentrated to permit the 
covering of the entire range studied by Huttncr. The label on the bottle claimed a 
sp. gr. of 1.18 to 1.19 ami an acid content of 35 5 to 37.3 HC 1 , but actually the sp. gr. 
(•S/'s) was found to lie only 1.172 corresponding to about 33.8' ,' J1C1, 

• Hulctt and Bonner, Tins Journai,, 31, too 393 (1909). 
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as the acid readies its maximum concentration. (2) Below 20.24% HC 1 
(taken as the standanl), the relative intensity change is independent of 
the iron concentration, but above this concentration the change produced 
depends upon the amount of iron present. A solution containing 0.5 
mg. of iron per cc. reaches a maximum color intensity of 2.4, a solution 
containing 0.2 mg. iron pci cc. goes through a maximum of i.q, while a 
dilute solution containing 0.007 mg. per cc. lises only to 1.5 in compar¬ 
ison with the color developed by these amounts of iron in 202.)' Ildl. 
(,?) The acid concentration at which the maximum development of color 
intensity takes place likewise depends upon the concentration of iron. 
I'm flit dilute solution containing only 0.007 mg iion per cc. the max¬ 
imum is readied at about 2b 1 , acid, with higher iion concentrations the 
maximum takes place at successively higher aeiet concentrations teaching 
on 1 v/ , when the iiori piemen! amount-, to 0.5 mg per cc. 



Fig i Showing how the inteiisificatiem caused by increase of ac.dity depends upon 
the coiKTntr.it ion of non The standard coloi is that produced by tile given 
coiuxnli.ition of iron in constant Willing hydrochloiic acid. 

The advantage of the increase of intensity gained by working at high 
acidities is only apparent because of the fact that the relative intensifica¬ 
tion is a function of the iron concentration. However, at 2o v ' ( acid 
concentration this criticism no longer applies and this is the acid com¬ 
position actually used in the final method. The disadvantage of work¬ 
ing in a region where the color intensity is changing rapidly with acid 
concentration—as in the neighborhood of 2o r ,' acid—is more than eotm- 




154° 


J. c. bostbttbr. 


in further detail the efiect of a high concentration of chloride on the 
color being studied. This was done by adding successively larger quan¬ 
tities of the salt to portions of a standard iron solution and comparing 
the resulting colors. The calcium chloride was hydrated to the extent 
of 25% and this additional water content was considered in calculating 
the acidity of the final solution. Some of the effects found in the earlier 
experiments indicated that the intensifying effect brought about by cal¬ 
cium chloride is a function of the acid concentration and this was con¬ 
firmed by the final series, the results of which are shown in Fig. 4. The 



Fig.%..—Showing the effect of calcium chloride on the change of color intensity caused 
by varying the concentration of acid. All the curves have been made by 
comparison with the color produced by 0.2 mg. of ferric iron per cc. of 
constant-boiling hydrochloric acid. 

curves show the maxima which seem to be characteristic of the effect of 
add on the color but the maximum occurs in more dilute add as the 
concentration of caldum chloride is increased. It is quite probable 
that the increase of intensification caused by the chloride depends 
also on the iron concentration. 

The results obtained on the action of salts on the color intensity of 
ferric chloride solutions indicate that correction should be made for the 
change of intensity caused by the salt, or, more accurately, the standard 
should be made up with equivalent quantities of the salt. The results 
given by Hiittner on the iron contents of certain metals, such as tin and 
zinc which form very soluble chlorides, may be too high because of the 
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intensifying effect of the chlorides, which apparently was not recognized 
by Hilttner. The addition of calcium chloride, if iron-free material is 
available, furnishes a simple method of increasing the color intensity for 
a given amount of iron, which may be useful in certain cases. 

Interfering Substances. 

It is obvious that colored metallic chlorides must be absent from the 
solution to be compared for color. In such cases the iron must first be 
separated from such metals and the procedure to be used for this sepa¬ 
ration will depend upon the nature of the interfering substance. The 
iron must also be separated from nitrates before color comparison can 
be made since the interaction between strong hydrochloric add and the 
nitrate would form colored products which would obviously interfere. 
In these cases the iron is conveniently predpitated from the solution by 
ammonia after the addition of alum solution. The aluminous predp- 
itate carries the iron hydroxide with it; the predpitate is readily filtered 
off and is dissolved in i: i hydrochloric acid. 

It has also been found that samples of salts will frequently contain 
organic matter, sometimes in the form of wood fibers, or chips, which 
will develop a deep yellow color when boiled with hydrochloric add! To 
avoid this difficulty the iron should be predpitated with ammonia after 
all the iron-bearing scale has been dissolved in add; the predpitate is 
dissolved off the filter in cold add which, for the short time of contact, 
does not acquire color from the organic matter caught on the filter. 

If the iron is not fully oxidized it must be changed to the ferric con¬ 
dition by treatment with an oxidizing agent. Unfortunately, this adds 
another complication since, if excess of oxidizer is added, other products, 
such as chlorine, are liberated which interfere with the colorimetric deter¬ 
mination because of the additional color produced thereby. 

In case it is necessary to oxidize the iron it may be done with nitric 
add, hydrogen peroxide, etc., after which the iron must be predpitated 
with ammonia, alum solution having previously been added. Hhttner 
treats the solution -with potassium chlorate, boiling off the excess of free 
chlorine. 

Solution of Iron Scale. 

Iron may exist as an impurity in salts and oxides in several forms, 
and failure to recognize the nature of the iron-bearing material may lead 
to large errors in the determination of this element. Precautions sim¬ 
ilar to those found to be necessary in an exact determination of iron in 
sand 1 for instance, are not confined to mineral products and may be used 
to illustrate the importance of knowing the nature of the iron-bearing 
materials, if these axe to be decomposed and the iron content determined. 
In most salts and oxides iron was found to be present to a greater or less 
1 J. B. Ferguson, J. Ini. Eng. Chem., g, 941-943 (1917). 
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extent as "scale" derived from iron apparatus used in the manufacturing 
processes. This scale is essentially an oxide of iron and is very resistant 
to the action of sulfuric and nitric adds which dissolve it very slowly. 
Hydrochloric add, on the other hand, will dissolve this scale if the action 
takes place at an elevated temperature and is sufficiently prolonged. 
The presence of this scale can be readily demonstrated in many salts 
by dissolving from 10 to 100 g. of the salt in water or in dil. add and 
examining the slight residue which usually remains. This is a severe 
test and many highly purified chemical reagents will show in a concen¬ 
trated solution of this kind fordgn material suspended throughout the 
solution or on the bottom of the beaker. The iron scale is usually mag¬ 
netic and test with a hand magnet will demonstrate its presence. 

The fact that iron scale of this sort is not readily dissolved by nitric 
or sulfuric adds indicates at once that analytical methods which decom¬ 
pose the sample with these adds will give low results for iron if no further 
precautions are taken. This has actually been found to be the case in 
certain materials—our results, obtained in hydrochloric add solution, 
being higher, frequently by many times, than those found by the manu¬ 
facturer of the chemical. 

Iron occurring as the salt of the add present in the chemical may in 
general be brought into solution by adds other than hydrochloric but 
our experience indicates that one must always assume the presence of 
iron scale and consequently take precautions to insure its decomposition. 

Results Obtained with this Colorimetric Method. 

A few results may be quoted here to show the agreement obtained with 
the hydrochloric add color method foi total iron and the electrometric 
method 1 on the same material. It is a pleasure to acknowledge here the 
assistance of Mr. E. C. Baum, of the Armour Fertilizer Works, in mak¬ 
ing these analyses. 

Table II. 

Total Iron as Fe, 0 ». 


Material 

Electrometric 
0.046% ■ 

Colonmetnc 

Potassium carbonate. 

O.O42 

i 0.040% 

Potassium carbonate. 


0.030 

Potassium carbonate. 

. 0.022 

0.020 

Potassium carbonate. 


0.028 

Potassium carbonate. 


0.010 

Precipitated silica. 

. 0.251 

0.250 


Summary. 

Conditions have been found under which the yellow color developed 
by dissolving ferric iron in hydrochloric add may be used for the deter- 
1 J. C. Hostetter and H. S. Roberts, Th» Journal, 41,1337-1357 (1919). 
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mination of iron. The temperature coefficient for this color varies from 
2 to 3% per degree depending on the concentration of iron and probably 
also on the acidity. The color developed by a given amount of iron 
varies with the add concentration, reaching the maximum intensity at 
from 26 to 28% HC 1 . The relative increase produced by acid is greater 
the higher the concentration of iron; this is especially true above 20% 
HC 1 , but below this concentration the relative change is independent of 
the iron content. Inasmuch as solutions must frequently be boiled in 
order to insure the complete solution of iron present as “scale” the use 
of constant-boiling acid is recommended and its use has been found to 
be altogether satisfactory. The effects of salts on the color indicate that 
sulfates cause bleaching, and chlorides intensification; detailed study of 
the effect of the very soluble calcium chloride shows that an intensification 
of 2.5 may be attained by the addition of this salt, consequently when 
testing for iron in a very soluble chloride the standard iron solution must 
be made up to possess the same salt concentration. 

Some applications of the method are given and certain results presented. 

Washington, D. C. 


1 Contribution from the Research Laboratory of the General Electric 

Company. ] 

ISOMORPHISM, ISOSTERISM AND COVALENCE. 

By Irving Langmuir. 

Received June 30, 1919 

In recent papers' I have described a theory of valence which I have 
called the octet theory. This theory is based upon and is essentially an 
extension of G. N. Lewis’ theory of the “cubical atom.” 2 According to this 
theory each bond between adjacent atoms in organic compounds corre¬ 
sponds to a pair of electrons held in common by the two atoms. Since 
in other types of compounds the number of pairs of electrons held in com¬ 
mon is not always the same as the number of valence bonds that have 
usually been assumed I proposed that the number of pairs of electrons 
which any given atom shares with the adjacent atoms be called the 
covalence of that atom. It was then shown that the covalence of carbon 
is always 4, that of nitrogen is usually 3 or 4, while that of oxygen is 1, 2 
,or sometimes 3, etc. 

The octet theory indicates that the number and arrangement of elec¬ 
trons in the nitrogen molecule, the carbon monoxide molecule, and the 

1 A simpler exposition of the theory and its applications is given by Elwood 
Hendrick, Met. Chem. Eng., 21, 73 (1919), July 15th; Langmuir, J. Frank. Inst., 
187, 359 (1919); This Journal, 41, 868-934 (1919); Free. Hoi. Acad. Sci., 5, 252 

* G. N. Lewis, This Journal, 38, 762 (1916). 
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cyanogen ion, is the same, and it was shown in fact that the physical 
properties of nitrogen and carbon monoxide are remarkably alike. 

A similar relationship was found to exist between nitrous oxide and 
carbon dioxide and again between cyanic and hydronitric add. 

The following data, taken from Landolt-Bomstein’s tables and Abegg’3 


handbook, show the extraordinary agreement between physical properties 
of carbon dioxide and nitrous oxide • 

NiO COi 

Critical pressure, atm 

75 

77 

Critical temp 

35 4° 

31 9° 

Viscosity at 20 0 

148 X io - * 

148 X IO"* 

Heat conductivity at 100° 

0 0506 

0 0506 

Density of liquid at —20° 

0 996 

1 031 

Density oi liquid at +10* 

0 856 

0 858 

Refractive index of liquid, D line, 16° 

1 193 

I 190 

Dielectric constant of liquid at 0° 

1 598 

1 582 

Magnetic susceptibility of gas at 40 atm , 16° 

0 12 X io -4 

0 12 X io - * 

Solubility in water o° 

1 305 

1 780 

Solubility m alcohol at 15 0 

3 25 

3 13 


Both gases form hydrates, N 2 0.6Hj0 and CO2.6H2O. The vapor pres¬ 
sure of the hydrate of nitrous oxide is 5 atm at —6°, whereas the hydrate 
of carbon dioxide has this vapor pressure at —9 0 . The heats of formation 
of the two hydrates are given, respectively, as 14900 and 15000 calories 
per mol. The surface tension of liquid nitrous oxide is 2.9 dynes per 
cm. at 12.2°, while carbon dioxide has this same surface tension at 9.0 
Thus nitrous oxide at any given temperature has properties practically 
identical with those of carbon dioxide at a temperature 3 0 lower. 

There is one property, however, which is in marked contrast to those 
given above. The freezing point of nitrous oxide is —102 °, while that of 
carbon dioxide is —56°. This fact may be taken as an indication that the 
freezing point is a property which is abnormally sensitive to even slight 
differences in structure. The evidences seem to indicate that the mole¬ 
cule of carbon dioxide is more symmetrical, and has a slightly weaker 
external field of force than that of nitrous oxide. Such differences could 
easily be produced by the difference in the charges on the kernels, and 
may also be taken as evidence that the structure of nitrous oxide is repre¬ 
sented by N = N = O rather than N = 0 = N. 

Compounds showing a relationship to one another like that between 
carbon dioxide and nitrous oxide will be called isosteric compounds, or 
isos teres. These terms, however, are not to be restricted to chemical 
compounds but are applicable to chemical radicals or to groups of atoms 
which hold pairs of electrons in common. A comolecule is defined as a 
group of atoms held together by pairs of electrons shared by adjacent 
atoms. Comolecules are thus isosteric if they contain the same number 
and arrangement of electrons. The comolecules of isos teres must, there- 
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fore, contain the same number of atoms. The essential differences be¬ 
tween isosteres are confined to the charges on the nuclei of the constituent 
atoms. Thus in carbon dioxide the charges on the nuclei of the carbon 
and oxygen atoms are 6 and 8, respectively, and there are 2X8 + 6 = 
22 electrons in the molecule. In nitrous oxide the number of charges on 
the nitrogen nuclei is 7, but the total number of electrons m the molecule 
is again 2 X 7 + 8 = 22 The remarkable similarity of the physical 
properties of these two substances proves that their electrons are arranged 
in the same manner. 

According to the object theory we may expect the following types of 
isosteres 


Table I 


I 

H-, He. Li + 

2 

O—. F-, Ne, Na + , Mg 

3 

S“, Cl - , A, K + , Ca ++ 

4 

Cu + , Zn + + 

5 

Br - Kr, Rb+, Sr ++ 

6 

Ag + , Cd ++ 

7 

I- Xe, Cs + , Ba ++ 

8 . 

N„ CO, CN - 

9 

Ctti, NH» + 

10 

CO,, N.O, N,-, CNO" 

II 

Nor, co," 

12 

NO, - 0, 

13 

HF, OH- 

14 

CIO. - , so, -- , po,— 

IS 

CIO,-, SO,—, PO,— 

16 

SO,, PO,- 

17 

SjO, , P,0» 

18 

SjO, , P,07 - ~ 

19 

S1H4, PH, + 

20 

MnO, - , CrO, 

21 

SeO, , AsO, 


All the comolecules given under any one type are isosteric with one 
another. 

When isostenc comolecules are also isoelectric, that is when they have 
the same total charge on the comolecules, all their physical properties 
should be closely similar. In Table I the only pairs of comolecules which 
are also isoelectric are (8) Ns and CO, (10a) COj and NsO, and (10b) 
Nr and NCO". 

I have already pointed out that the physical properties of the first two 
pairs of substances (8 and 10 a) furnish proof of the similarity of struc¬ 
ture predicted by the octet theory, and show the usefulness of the concep¬ 
tion of isosterism. 

The isosterism of the cyan ate and trinitride ions applies of course also 
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to compounds derived from them. Thus we should expect HNCO and 
HNj to be isosteric as well as pairs of compounds such as KNCO-KN*, 
Ba(NCO)j-Ba(Ni)j, etc. 

There are, unfortunately, very few data on the physical properties of 
cyanates and trinitrides. Both cyanic and hydronitric acids are liquids 
at o° and both explode on heating. Apparently the freezing point of 
cyanic add has not been determined. In a general way the solubilities 
of the salts of these two adds are known to be similar; the potassium and 
the barium salts of both adds are readily soluble in water, while the lead 
and silver salts are very difficultly soluble. 

Groth 1 gives the following crystallographic data for anhydrous potas¬ 
sium cyanate and trinitride. Both belong to the tetragonal system. 
The ratio of the axes a : c is 1 :0.5766 for the cyanate and 1 :0.5798 
for the trinitride. Both have “strong negative double refraction.” The 
most common faces of both crystals are given as C (ooi) and O (111). 
Cleavage was not observed in either case. No other data are given by 
Groth from which a comparison of cyanates and trinitrides can be made. 

From the octet theory and the above data it is therefore safe to predict 
that the physical properties of the salts of cyanic and hydronitric adds 
will be found to be practically identical. This resemblance should be 
at least as dose as that between nitrous oxide and carbon dioxide and 
should cover solubility in water, in alcohol, etc., density in crystalline 
form and in solutions, viscosity of solutions, optical and magnetic proper¬ 
ties, electric conductivity of solutions, etc. The densities should be alike 
because the molecular wdght of Nj is the same as that of NCO- 

The available experimental data, although meager, are suffident, I 
think, to show the complete isomorphism of cyanates and trinitrides. 
The similarity of structure thus follows directly from Mitscherlich’s 
rule. These experimental data furnish direct evidence against such 

y N 

structural formulas as K — N\ I!, K — N=N = N, K — O — Cas N, 

N N 

but strongly support the octet theory structures: 

K+ (N = C = 0 )- and K + (N = N = N)~ 

These formulas show that the covalence of potassium is zero; the nitro¬ 
gen and oxygen in the cyanate are dicovalent, while in the trinitride one 
of the nitrogens is quadricovalent and the other two are dicovalent. These 
data, as far as they go, thus constitute experimental proof of the octet 
theory of valence. Further experimental work on the physical proper¬ 
ties of cyanates and trinitrides is highly desirable. 

The octet theory also indicates that diazomethane should have the 
structure H*C = N *= N and should thus be isosteric with HtC = C = O, 
1 P. Groth, "Chemische Krystallographie," Leipzig, Part I, 1906, Part II, 1908. 
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a compound apparently not given in Beilstem. This compound should 
closely resemble diazomethane in all its physical properties such as freez¬ 
ing point, vapor pressure, viscosity, etc. 

No direct comparison can be made of the physical properties of iso- 
steres having different electric charges. Thus we should not expect sodium 
salts to resemble neon, even though the sodium ion is an isostere of the 
neon atom—the electric force around the ion is sufficient to account for 
the differences in physical properties. 

There is, however, another way in which the actual isosterism of co¬ 
molecules with different charges can be tested from experimental data. 
It is evident that if any two substances are very much alike in physical 
properties, then any isoelectric isosteres of these substances should show 
similarly close relationships with one another. For example, in Types 
3 and 8 of Table I, we find argon and nitrogen resemble each other closely. 
Therefore the chlorine ion, isosteric with argon, should have a close re¬ 
semblance to the cyanogen ion which is isosteric with nitrogen. The 
striking similarity of chlorides and cyanides is thus directly correlated 
with that between argon and nitrogen. 

In an exactly similar manner the close relationship between potassium 
salts and ammonium salts can be derived from the similarity between 
the physical properties of argon and methane. For from Table I (Types 
3 and 9) the potassium ion is isosteric with argon, while the ammonium ion 
is an isostere of methane. Of course the potassium ion and the ammonium 
ion are not isosteres of one another. The resemblance between potas¬ 
sium and ammonium salts is of a much lower order than that between 
truly isosteric substances such as nitrous oxide and carbon dioxide, or 
between salts of cyanic and hydronitric adds. The octet theory indi¬ 
cates in fact that the potassium ion is cubic in form, while the ammonium 
ion, like methane, must have a tetrahedral symmetry. This condusion 
is in accord with the crystal structures of potassium chloride and ammo¬ 
nium chloride. Bragg 1 has found that in potassium chloride each potas¬ 
sium ion is surrounded by 6 equidistant chlorine ions, arranged just as if 
the crystal were built up of cubical potassium and chlorine ions with their 
faces in contact; but finds that ammonium chloride, although it crystal¬ 
lizes in the isometric system, is in no sense isomorphous with the other 
alkaline halides. Bach amm onium ion is surrounded by 8 equidistant 
chlorine ions arranged like the corners of a cube about its center. This 
indicates that the tetrahedral a mm onium ions force the chlorine ions to 
arrange themselves symmetrically with respect to the 4 faces or comers 
of the tetrahedron, while the cubical potassium ions permit the simpler 
cubic packing. Ammonium and potassium sulfates, however, are iso- 
1 W. H. Bragg and W. L. Bragg, "X-Rays and Crystal Structure," London, 1916, 
pp. 95 and 158. 
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morphous, for the larger volume of the sulfate ion causes its influence to 
predominate over the slight differences between the forces around the two 
positive ions. 

The nitrates and perchlorates of all metals are readily soluble and 
most of them are deliquescent. From this similarity of properties we 
may conclude that the other isosteres of Types 11 and 14 of Table I 
should be interrelated. Thus carbonates and sulfates should show a 
general resemblance to each other in their solubilities. 

The smaller solubility of salts of divalent ions is, of course, due to the 
greater forces holding the divalent ions, making it more difficult for them 
to separate. The process of solution of salts involves, according to the 
octet theory, the separation of the ions. Thus sulfates and carbonates 
of most metals are difficultly soluble compared to the nitrates and per¬ 
chlorates. Salts like lead and barium carbonates and sulfates in which 
both ions are divalent, are thus particularly difficultly soluble. 

Boron nitride, which consists of tervalent ions, has still greater stability, 
and is infusible and insoluble in all solvents. 

The observed differences between the ordinary properties of the differ¬ 
ently charged isosteres are thus to be expected. But there is one property, 
namely crystalline form, which should depend on the arrangement of the 
electrons in substances rather than upon the magnitude of the forces be¬ 
tween their atoms. By a comparison of crystal forms it should therefore 
be possible to obtain direct evidence of the similarity of the arrangement 
of the electrons in isosteric substances even if the charges on the comole¬ 
cules are different. 

For example, since the sodium ion and the fluorine ion are isosteric 
and cubic in form, we should expect them to pack together in a crystal 
lattice in exactly the way that Bragg has found they do. The magnesium 
and oxygen ions, however, are also isosteric with the sodium and fluorine 
ions, so that we should expect magnesium oxide to have a crystal struc¬ 
ture identical in form with that of sodium fluoride. According to Groth 
both substances are cubic, sometimes crystallizing as octahedra, and both 
show good deavage parallel to the (100) plane. To answer the question 
thus raised, Dr. A. W. Hull has studied the X-ray patterns obtained with 
magnesium oxide and sodium fluoride and has thus recently found 1 
that the crystal structures of both substances axe alike, except that the 
atoms in magnesium oxide are drawn doser together by the greater 
farces. Thus magnesium oxide and sodium fluoride should be looked 
upon as isomorphous. By the octet theory the covalences of all the 
atoms in these substances are zero, since they do not share electrons 
with each other. The isomorphism is thus in full accord with Mitscher- 
lich’s rule by which isomorphous substances should have similar struc- 
1 Soon to be published. 
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tures. Since the ions O , F - , Na + and Mg ++ are isosteric we should 
also expect that MgF* and NasO should be isomorphous. Groth states 
that sodium oxide has not been obtained in the form of well developed 
crystals. However, by Hull’s method of X-ray analysis, substances 
can now be studied in powdered form so that we may hope to see whether 
in fact these two substances are isomorphous. Other pairs of substances 
which may be isomorphous are potassium chloride and calcium sulfide, potas¬ 
sium sulfide and calcium chloride, cuprous sulfide and zinc chloride, etc. 

A still more interesting class of isomorphous substances which are pre¬ 
dicted by the octet theory is that represented by sodium nitrate and cal¬ 
cium carbonate. Since the nitrate and carbonate ions are isosteric we 
should expect sodium nitrate and magnesium carbonate to be isomorphous, 
Na + and Mg ++ being isosteric. As a matter of fact, both substances 
are given by Groth as trigonal scalenohedral with the ratio of the axes 
1 :0.8297 and 1 :0.809s, respectively. 

The practical identity in all the crystallographic properties of sodium 
nitrate and calcium carbonate has long been known. In Mitscherlich’s 
early theory before clear ideas of valence were developed, no difficulty 
was experienced in regarding these two substances as isomorphous and 
as having similar structures. The theory of valence, however, gave for- 

/°\ 

mulas Ca< yC — O and Na — O — N\ , so that they could no 
X (T T) 

longer be regarded as of similar structure. It was necessary either to 
abandon Mitscherlich's rule or to re-define isomorphism so as to exclude 
cases of this kind. Therefore Kopp 1 and Retgers 1 regarded sub¬ 
stances as isomorphous only when they axe capable of forming mixed 
crystals. This effectually eliminated such cases as sodium nitrate 
and calcium carbonate because mixed crystals can naturally only be 
obtained when the solubilities of the two substances are not too widely 
different. The crystal form depends, of course, exclusively, on the ar¬ 
rangement of the atoms and the electrons in them, while the ability to 
form mixed crystals depends on both similarity of arrangement and on 
similarity in the magnitude of the forces acting between the atoms. Thus 
Kopp found a practical rule by which nearly all those eases inconsistent 
x with the ordinary valence theory, could be excluded. In order to be iso¬ 
morphous in Kopp’s sense, two substances must have atoms which are 
not only linked together in the same maimer, but also have the same num¬ 
ber of available electrons in corresponding atoms. 

T. V. Barker, 8 however, and a few others crystallographers have main- 

1 Ber., «, 868 (1879). 

* Z. physik. Chem., 3, 497 (1889), and later papers in 1889 to 1896. 

* Trans. Chem. Soc., ioi, 2484 (1912). 
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tained that isomorphism should be used to denote similarity of crystal 
form. Barker pointed out a great many new cases of isomorphism be¬ 
tween substances which according to the ordinary valence theory are not 
closely related. Among these he mentions as types KlOt-CaWO*, 
KClOr-BaSOc-EBFi, K*SO < -K 1 BeF < , and NaNOs-CaCO, He shows 
bow these cases of isomorphism are inconsistent with the ordinary valence 
theory, but are in a general way in agreement with Werner s coordination 
theory. 

By examining Table I it is evident that we should expect the following 
cases of isomorphism of the kind just considered 

Tablh II 

Typical C ases of Isomorphism Based on Isostuism 

Type Table I 


2 

'a) NaF-MgO (6) Mg Ft Na,0 

3 

(a) KCl-CaS, (f>) CftCI,-K>S 

5 

(a) RbBr-SrSe, (i) SrBri-RbjSe 

7 

\a) OI-BaTe, (r) Balj-CsAc 

8 

Nt-CO 

IO 

KNCO-KN,. etc 

ii 

(a) NaNOr-CaCO,, (b) KNOr-SrCO. 

i4 

(a) KCKVSrSO., (b) NaHSO.-CaHPO, 


(c) KHSO.-SrHPO. 

15 

(a) NaClOr-CaSO,, (A) KHSO,-SrHPO, 

17 

N ajSjCV-Ca.PjO, 

l8 . 

NajStOT-CajPiO, 

20 

RbMnO,-BaCrO, 

21 

MnSeO, aH.O-FeAsO, 211,0 


Sodium nitrate crystals resemble those of calcium carbonate a little 
more dosely than those of magnesium carbonate, although the sodium 
ion is isosteric with the magnesium ion but not with the calcium ion 
The molecular volume of sodium nitrate is nearer to that of calcium car¬ 
bonate than that of the magnesium compound The much larger forces 
in the compounds containing the divalent ions must tend to draw the 
atoms doser together. The substitution of the larger calcium ion in 
place of the magnesium ion offsets this difference, and this probably ac¬ 
counts for the doser resemblance between the sodium and the caldum 
compounds. This same rdationsbip is noticed in other pairs of com¬ 
pounds. Since in these replacements calcium corresponds most nearly 
to sodium we should expect strontium to correspond to potassium and 
barium to rubidium. This is well borne out in every case The follow¬ 
ing tables illustrate the cases of isomorphism corresponding to Types 
ii to 21, shown in Table II, for which data are given by Groth The 
pairs of substances at the head of each table are those given in Table II, 
The other substances are generally recognized as being isomorphous with 
one car the other member of these pairs. 
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Table III. 


Nitrates and Carbonates Type it (a). 

Trigonal Scalenohedral. 

NaNO, 

1 

O 8297 


CaCO, 

I 

0 8.541 


MgCOj 

I 

0 8094 


MnCOj 

I 

0 8359 


KNO> 

I 

0 8259 

Stable above 128“ 

At high temperatures RbNOj, SrC(> 3 and BaCOi also give trigonal crystals 

All these substances show strong negative doubk refraction and similar cleavage 


1 \m_i; IV 



Nitrates and Carbonates, Tvpi it (h) 

< irthorhombic Bip> ramnlal 

KN( ij 


•* 

<» SOK* 

1 O 7011 

SrCOi 


4 ) f Mtf>0 

t O 72^7 

CaCO, 


O 62 2 S 

1 O 7204 

IlaCO, 


0 S 949 

t O 741x 


Ncgatrvi doutilt u friction 



Table V 



Perehloialis and 

Sulfates T\(>c 14 at l’ermanganaUs 

and Chromates Type 20. 


Orthorhombic Btpvramidal 



a b 

i 

t 

KCIO, 

07817 l 

1 2 791 

1 001 - mi 1 !0' 1 

SrS( >, 

O 7790 1 

I 2800 

1 001 1 mi no) 1 

RbMnO, 

O 8311 l 

1 


UaCrOi 

0 82^1 1 

1 >2*2 


RI1CIO1 

0 79<>0 1 

i 2^79 

nooi) minol 

BaSO, 

1 MSJ 1 

1 XI 

1 tool ' nr no) 1 

KMnOi 

O 7973 I 

I 2982 

1 tool,' <11.110/ 

SrCrO, 

O 949 <> t 

* 03S: 


CsCIO, 

08171 t 

I 2976 


CsMnO, 

0 8683 1 

t W S 


CaSO, 

0 8933 1 

1 oooh 


NH.C 10 , 

0 7932 I 

t 2808 



Table VI 



Sulfates and Phosphates, Tvpe 14 (b) Triclniic Pinacoid. 


a. b c 

a 


NaHSO,' 

0 6460 r 0 K346 

8j° 06' 

88° 57' 86° 47' 

CaHPu, 

0 6467 1 0 8444 

« 4 ° 57 ' 

««* 43 * 85° 38' 

SrHAsQ, . 

0 6466 1 <> N346 

86° ja' 

89° J 4 ' 87 ° 56' 


' Incomplete cleavage 

1 Axes b and t have been interchanged m order to correspond to those used to 
form the other compounds. Where the angles a, fi, y, were greater than 90* their 
supplementary angles were chosen. 
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Table VII. 

Sulfates and Phosphates, Type 14 ( c ). Orthorhombic Bipyramidal 


a b c 

SrHPO*’. o 8581 1 i 943 i 

KHSO,. o 8609 1 1 9344 


Both substances form 8- or 4-sided plates parallel to c(ooi) with (in) as the next 
most important face. The plane of the optic axis is (001). 

Table VIII. 

Selenates and Arsenates, Type 21. Orthorhombic Bipyramidal. 


a b. c 

MnSe0,.2H,0. o 8849 1 o 9959 

FeAsO*.2H 2 0. o 8658 1 o 9541 


Plane of the optic axis (100) in both. 

Groth gives no data for the Types 15(a), 15(f)), 17 and 18 of Table II. 

The results given in these tables afford the strongest kind of evidence 
for the octet theory of valence and prove that crystal form depends on 
the covalence of the atoms forming the substance rather than upon the 
valences given by the ordinary theory. 

In every one of the cases where isomorphism is predicted by the octet 
theory (see Table II), we find that the data available in Groth’s "Chemische 
Kristallographie” indicate an almost complete identity of crystalline 
form. The agreement between the pairs of substances given in Table II 
is in fact usually rather better than among most of the classical examples 
of isomorphism. For example, the agreement of the ratios of the axes 
for potassium perchlorate and strontium sulfate (Table V) is much closer 
than among the various chlorates or among the sulfates. Sodium nitrate 
1 The measurements on SrHPO* and on CaHPO* given in Table VI were made by 
Schulten, Bull Soc. jran$ mineral 27, 120 (1904). 

According to Groth the ratio of the axes for SrHPO* was found to be 
o 6477:1 :o.8j8i and the only faces measured were (100), (133), (203), (130), (230), 
(010). Groth states that the chosen orientation of the CaHPO, crystals was adopted 
because of the relationships to those of SrHPO*. 

For the substance BallPO* which Schulten finds to be orthorhombic he gives the 
ratios 0.7133:1 0.8117, and considers that these ratios are related to those given above 
for SrHPO* (see Groth, p. 8 iji although the crystals are of "entirely different form.” 
These facts make it dear that Schulten chose for this orthorhombic crystal the axial 
ratio a:b:: 0.6477 1 simply to make this ratio agree with a.b 0.6467. i which he had 
obtained for the triclinic crystals of CaHPO* and which he supposed isomorphous with 
SrHPO* notwithstanding that they belonged to a different crystal system. If we 
multiply the a intercept 0.6477 by 3 and then interchange the a and c axes we obtain 
the ratios given above in Table VII The crystal faces which Schulten measured 
should thus be denoted by (too), (m), (201), (no), (210), and (010) instead of the 
absurd set of faces (100), (133), (203), (130), (230) and (010) given by Schulten. There 
is thus ample internal evidence for making this change in Schulten's data. We may 
condude that there is no similarity in the ratios between the axes of the tri clinic 
CaHPO*, the orthorhombic SrHPO* and the orthorhombic BaHPO*, but they represent 
3 distinctly different crystal types. 
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crystals (Table III) are more nearly like calcium carbonate than these 
are like magnesium carbonate. Potassium nitrate (Table IV) shows better 
agreement with strontium carbonate than calcium carbonate (aragonite) 
does with barium carbonate. Sodium hydrogen sulfate (Table VI) 
agrees slightly better (in axial angles) with calcium hydrogen phosphate 
than this does with strontium hydrogen arsenate. 

In several of the cases in Table II we find that no data are given by 
Groth by which a comparison between the crystalline form of similarly 
constituted compounds can be made. For example (Type 150), no an¬ 
hydrous sulfites of divalent metals and no hydrated chlorates of uni¬ 
valent metals are given. Although sodium hydrogen sulfite is given, no 
phosphites of divalent metals have been measured. 

It seems safe to predict that nearly all the remaining pairs of substances 
given in Table II will be found to be isomorphous when data become 
available. By Hull's method of X-ray analysis these comparisons are 
now possible even with powdered materials, so that most of the difficul¬ 
ties disappear that have heretofore prevented the accumulation of such 
data. 

We have thus far considered cases in which the octet theory leads us to 
expect isomorphism not predicted by the ordinary theory of valence. 
Let us now consider those cases where the ordinary theory indicates iso¬ 
morphism, but the octet theory does not. Examples of this kind are, (o) 
carbonates and sulfites, (h) chlorates and nitrates, (c) chlorates and meta¬ 
phosphates. 

According to the ordinary theory the sulfur in sulfites has a valence 
of 4 like that of carbon in carbonates. In chlorates and nitrates the central 
atom is supposed to have a valence of 5. By the octet theory, however, 
the covalence of sulfur in normal sulfites is 3, while that ot carbon in 
carbonates is 4. In chlorates the covalence of chlorine is 3, while n 
metaphosphates that of the phosphorus is 4. A great deal of effort has 
been expended by chemists and crystallographers to prove cases of iso¬ 
morphism between nitrates and chlorates, Groth says that carbonates 
and sulfites should be expected to be isomorphous and recommends that 
much more work be done in a comparative study of these salts—especially 
he advises attempting to prepare mixed crystals. In spite of this effort 
and tlie belief of chemists in the similarity of the constitutions of these 
compounds, there seem to be no convincing data indicating similarity of 
crystalline form in these cases. For example, Groth points out that potas¬ 
sium hydrogen carbonate and potassium hydrogen sulfite both belong 
to the monoclinic system, and that their crystals have the same habit. 
An examination of the data shows that both form crystals which are elonga¬ 
ted in the direction of the 6- axis. The following crystallographic data, 
however, prove that the substances are very far from isomorphous: 
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a. b. c 0 . 

KHCOj. 2.6770 1 I 3115 103° 25' 

NaHCOj. o 7645 1 o 3582 93° 19' 

KHSCH . o 9276 1 2 2917 94 0 46' 

The ratios of the axes could hardly be more different, and there is a 
difference of 9 0 in the inclination of the axes. The sodium acid carbonate 
is also monoclinic but has quite different constants from either of the 
other compounds. No other anhydrous sulfites are given by Groth. 

The following hydrated sulfites and carbonates given by Groth are the 
only ones that are comparable in constitution. Ammonium sulfite, 
(NH^sSOj.HjO, is monoclinic while sodium carbonate, NajCOj.HjO, is 
orthorhombic. The compound NajCOj.yHiO is orthorhombic but Na*SOj.- 
7 HjO is monoclinic. Finally, MgC0 3 .3H»0 crystallizes in the orthorhombic 
system, while MgSOj.yHjO is “ditrigonal pyramidal.” All of the avail¬ 
able crystallographic data thus seem to indicate conclusively that sulfites 
and carbonates do not have similar constitutions. 

The chlorates and nitrates usually have different crystalline forms, 
but in many cases it has been found possible to make mixed crystals contain¬ 
ing as much as 10 or 15% of one or the other of the constituents. Sodium 
chlorate crystallizes in the cubic system isomorphous with sodium bro- 
mate, while sodium nitrate is trigonal. This form of sodium chlorate is 
normally produced either from aqueous solution or by cooling the molten 
mass. By slow evaporation of a strongly supersaturated aqueous solu¬ 
tion it is possible to obtain sodium chlorate in a trigonal form with angles 
very much like those of sodium nitrate, and also having negative double 
refraction like that of sodium nitrate; this trigonal form of sodium chlorate 
is very unstable, and soon goes over into the cubic form even at room 
temperature. It was found possible to prepare mixed crystals of sodium 
nitrate and chorate containing as much as 22.5% of the chlorate. An 
unstable monoclinic form of sodium chlorate has also been prepared. 

Potassium chlorate crystallizes only in the monoclinic form with axes 
inclined 109°, while potassium nitrate is orthorhombic. Notwithstanding 
the fact that the crystals belong to different systems, Groth states that 
potassium chlorate and sodium nitrate closely resemble each other. He 
does not believe that mixed crystals can be formed because the molecular 
volumes are so different. However, monoclinic mixed crystals of potas¬ 
sium chlorate and potassium nitrate up to 15% of the nitrate have been 
obtained, as well as orthorhombic mixed crystals, with 25% of the chlorate. 
This is considered to denote similarity of structure, notwithstanding the 
complete difference of crystal form between potassium nitrate and chlorate. 
Silver chlorate and bromate are tetragonal while silver nitrate is ortho¬ 
rhombic. The chlorate also forms cubic crystals isomorphous with sodium 
chlorate. Silver chlorate thus shows no resemblance to the nitrates. 
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Anhydrous calcium, strontium, and barium nitrates crystallize in the 
cubic system, but strontium chlorate Sr(C 10 3 )i is orthorhombic with axial 
ratios, 0.9174 : 1 : 0.6003. It also exists in 3 other modifications, no 
one of which is cubic. However, even here it has been possible to make 
mixed crystals containing 7 to 12% of chlorate. 

The salts Mg(N0j)2.6H 2 0, Ni(N 0 a) 2 . 6 H 2 0 , Co(NOj)j. 6H20, are mono¬ 
clinic, the nickel and cobalt salts being isomorphous with each other but 
not with the magnesium salt. On the other hand, the corresponding 
chlorates of nickel and cobalt, Ni(C 10 ») 2 . 6 H 2 0 , etc., and the bromates of 
magnesium, nickel, cobalt and zinc, Mg(BrOj)j.6HjO, etc., are cubic. Only 
in one instance were mixed crystals obtained: Zn(BrOa) 2 .6H s O and Co- 
(NOa)j.6HjO crystallizing together as cubic crystals. 

Looking back over this comparison of chlorates and nitrates we see 
that among the 20 compounds considered (belonging to 5 different crystal 
systems), there is only one instance, namely that of sodium nitrate and 
the unstable trigonal modification of sodium chlorate, in which corre¬ 
sponding nitrates and chlorates even belong to the same system. 

This evidence seems sufficient to prove that nitrates and chlorates have 
fundamentally different constitutions. A careful study of the trigonal 
form of sodium chlorate should be made, preferably by the X-ray method, 
to determine if its structure is actually like that of sodium nitrate. If it 
turns out to be so, it is probably to be explained as a very unusual form^ 
in which two of the electrons in the atoms constituting the chlorate ion 
become unavailable, perhaps by being imprisoned within one of the octets. 
Under such conditions the chlorate ion might become “pseudo-isosteric” 
with the nitrate ion, so that the chlorine atom might then act with a co- 
valencv of 4. 

There are no available data by which to test isomorphism between 
chlorates and metaphosphates. 

These considerations show that the ordinary valence theory not only 
fails to predict cases of isomorphism which do exist (for example, potas¬ 
sium chlorate and strontium sulfate) but predicts isomorphism (sulfites 
and carbonates) where none exists. The octet theory does not fail in 
either of these ways. I have used the word isomorphism as expressing a 
dose resemblance in crystallographic data. The data given in the cases 
of the nitrates and chlorates show conclusively in my mind that the forma¬ 
tion of mixed crystals often occurs when there is no close resemblance in 
crystal structure. It seems therefore that this criterion should not be 
used to indicate similarity in chemical constitution. The question of 
course arises: how many other cases of mixed crystals could be found if 
the same effort were expended in looking for them among other types of 
compounds. 
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Let us now consider in more detail the cases of isomorphism given by 


Barker: 

a b. c. & 

A. Monocfinic. 

CuTiF«.4HiO. 0-7471 > 0.5564 104“ 9' 

CuCbOFj.4HjO. o 7627 1 o 5629 103° 20' 

CuWOjF 4 4HiO . 0.7648 1 o 5629 103° 14' 

B. Monoclinic. 

K«HSnF>. 0.6277 1 o 4928 93" 

K,HCbOFr. 0.6279 1 0.4900 93° 14’ 

C. Orthorhombic. 

KjSnCh.2H,0. o 6852 1 o 7586 .... 

KiPeCU.HjO. 06911 1 07178 .... 

D. Monodinie. 

MnCl,.4HjO. I .I 53 S 1 0.6445 99° 25' 

BeNaiF<. 0.9913 1 o 6929 99° 20' 

E. Tetragonal. 

YPO ( . 1 o 6177 

ZrSi 0 4 . 1 o 640 . . 

Snj 0 4 . 1 o 6726 

F. Tetragonal. 

KIO.. 1 i 5 J 34 - 

CaWO.. 1 1 5268 .... 

KOsOjN. 1 1 6319 - 

KRu 0 4 . 1 1.6340 - 

G. Orthorhombic. 

, KC 10 4 . 0.7817 1 I.3792 - 

BaS 0 4 . 0,8152 1 13136 - 

KBF 4 . 0.7898 1 1.2830 .... 

H. Orthorhombic. 

KjS 0 4 . 05727 i 07418 .... 

K l BeF 4 . o 5708 1 0.7395 - 

[N(CH 4 ) 4 ).HgCl(. 0.5766 1 0.7893 .... 

ZnIj-4NH t . 0.5754 1 0.7922 .... 

I. Monodinie. 

(NH 4 )>Se 0 4 . 1.8900 1 1 1987 115° 29' 

CsjHgI 4 . 1 3155 1 0.9260 no 0 4' 

(the deavage is the same) 

J. Trigonal. 

NaNOi. 1 0.8297 .... 

CaCOj. .. 1 o 854 .... 

K. 


Albite NaAlSbO,.... 
Anorthite CaAljSiiO* 


} 


Are dosely isomorphous. 


The theory of chemical structure given in the recent paper in This 
Journal is in full accord with these cases of isomorphism, and affords an 
explanation of them. In the second method* of regarding complex com¬ 
pounds with a coordination number of 6 or more, it was explained how 
groups such as chloride ion, ammonia, water, etc., could be held by electro- 
1 This Journal, 41, 868 (1919) beginning middle of p. 930. 
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static attraction to a positively charged central atom. We have already 
seen how in typical octet compounds such as potassium sulfate, etc., 
oxygen is unicovalent and may thus be replaced by fluorine without in¬ 
volving a change in the crystalline structure. The compounds in Groups 
A, B, G, and I are examples of this kind where fluorine, iodine or oxygen 
replace one another. Group C gives an illustration of a positive central 
ion (Sn ++ or Fe +++ ) surrounded by 6 other groups (Cl - or HjO) forming 
a complex ion. The HjO group in the first compound replaces one of 
the chlorine ions of the second. 

The compounds of Groups D and H afford interesting illustrations of 
the replacement of negative by positive ions and vice versa in a manner 
exactly analogous to that of NajO-MgFj, etc., of Table II. Thus in 
BeNaF, the two sodium ions replace the two chlorine ions of the MnClt-- 
4H»0, the beryllium ion replaces the manganese ion and the fluorine ions 
replace the water comolecules. Similarly, in comparing ZnIj.4NH| with 
KjSO< we see that the iodide ions have replaced the potassium ions. This 
is evident if we apply the octet theory in the ordinary way to the com¬ 
pound Znlj^NHj. The number of available electrons in the atoms of 
this compound is e ■= 48. We place n = 7, assuming that the zinc, 
iodine and nitrogen atoms all form octets. We then find from the octet 
equation (2 p = 8« — e) the value p — 4, from which we find the struc¬ 
ture Ii - (Zn(NH t ) 4 ] ++ , in which each nitrogen atom is quadricovalent and 
shares a single pair of electrons with the octet of the zinc atom. The con¬ 
stitution is thus exactly analogous to Ki + SO<—, for in this case the quadri¬ 
covalent sulfur atom shares a single pair of electrons with each of the oxy¬ 
gen atoms. 

If we apply the octet theory in the same way to BeNa*F« and MnClj.- 
4 HjO we place for both compounds e =* 32, « =* 5 and find /> => 4. This 
gives the structures 

(Mn(OH!) 4 ] ++ Cl,- and [BeF«)—Na» + . 

The manganese and beryllium atoms are thus quadricovalent, the 
water and iron share single pairs of electrons with the central atom. 
In the first compound the oxygen is tercovalent. The substitution of 
water or ammonia for fluorine or oxygen in these compounds is analogous 
to the substitution of K + in KjS 0 4 by NHt + . ■ 

The same explanation apply to the other examples cited by Barker. 
Those shown in Group K are of interest because in silicates we usually 
have to deal with compounds in which no pairs of electrons are held in 
common between atoms. Thus in the octet equation 2 p = 8« — e we 
place p *= o and find e ■* 8n. In silicates, oxygen is the only element 
which farms octets, so n is equal to the number of oxygen atoms. This 
condition (t — 8«) is practically the only valence condition that needs 
to be fulfilled by silicates, and it is thus a complete statement of the 
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valence theory for these compounds. The isomorphism of the two com¬ 
pounds of Group K is consistent with the octet theory since in both com¬ 
pounds the number of atoms is alike (13) and so is also the number of 
available electrons, e = Sn — 64. 

Summary. 

The octet theory of valence indicates that if compounds having the 
same number of atoms have also the same total number of electrons, the 
electrons may arrange themselves in the same manner. In this case the 
compounds or groups of atoms are said to be isostcric Such compounds 
should show remarkable similarity in physical properties, that is, in those 
properties which do not involve a separation of the atoms in the mole¬ 
cule. 

Table I gives a list of various isosteres predicted by the octet theory. For 
example, 0“ , F~, Ne, Na + and Mg ++ are isostcric Other examples are 
Ni—CO—CN-.CH*— NHi + ;NV— CN(>-;C10, --S0 4 -- 1»0 4 —; 
NO a ~ — CO 3 , etc. In cases where isostcric groups have the same 
electric charges (isoelectric) their properties are directlv comparable, thus 
Na and CO; NjO and CO 5 , KN S and KNCO, etc , are nearlv alike (in pairs) 
in all their physical properties But when the charges are unlike the 
similarity may manifest itself between properly chosen 1 (impounds, thus, 
according to the octet theory, we should expect sodium nitrate and calcium 
carbonate to have similar constitutions and therefore to have similar 
crystalline forms, as is in fact known to be the case 

The following cases of crystalline isomorphism are thus predicted by 
the theory and aie found to exist according to published crystallographic 
data: NaF — MgO; KN 3 - KNCO, KNO a - SrCO.,; KCIO* ■ - SrS() 4 ; 
NaHSO* — CaHPC 4 , MnSe 0 4 . 2 H 2 O— FeAs0 4 2 H 2 O, etc. The following 
cases are predicted by the theory but cannot yet be tested because of 
lack of available data MgF 2 —N a /), KjS — CaCl 2 , XaClOj— 
CaSOs; KHSOa — SrHPOs; NajSjOc — Ca»P»O e , NuiSoO? — CajPsOj, etc. 

The theory of isosterism makes it possible to derive certain relation¬ 
ships in a very' simple manner. Thus since argon is an isosterc of the 
potassium ion and methane is an isostere of the ammonium ion, it follows 
that the potassium and ammonium ions must have similar properties 
because argon and methane are nearly alike in physical properties. Simi¬ 
larly, the relation between argon and nitrogen enables us to trace an equally 
dose rdationship between the cyanogen and the chlorine ions. From the 
similarity in the solubilities of nitrates and perchlorates we may also 
condude that carbonates and sulfates should be closely related. 

The experimental data discussed prove that the crystalline form of 
substances depends on the structure as given by the octet theory, thus 
indicating that this theory gives a true picture of the constitutions of 
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crystalline solids. In particular, the experimental results justify the 
following conclusions: 

1. The covalenpe of sodium, potassium, chlorine in chlorides, is zero. 

2. The covalence of the central atom is 4 in nitrates, carbonates, sul¬ 
fates, perchlorates, phosphates, permanganates, chromates, selenates, 
arsenates, borofluorides, etc. 

3. Carbonates and sulfites are not isomorphous, the covalence of the 
central atom being 4 and 3, respectively. 

4. Nitrates and chlorates are not isomorphous, the covalency of the 
chlorine being 3 in chlorates. 

5. The applicability of the octet theory to complex inorganic compounds 
receives further confirmation by its ability to explain such cases of iso¬ 
morphism as between NajBeF, and MnCl^HjO; K*S0 4 and ZnIs4NHj, 
K*SnCl 4 .2H 2 0 and K 2 FeCU.HjO, NaAlSijO* and CaAl*SijOs, etc. 

ScHKNRCTADV, N Y 
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A STUDY OF SIDE CHAIN OXIDATIONS WITH POTASSIUM 
PERMANGANATE . 1 

By Lucius A. Bigelow. 

Received July 14. IV1V 

I Introduction II Discussion of the Oxidation of 0-, m-, and p-nitrotoluene. 
Ill Experimental and Summary. 

i. Introduction. 

A careful review of the chemical literature upon potassium perman¬ 
ganate and its reactions reveals certain fundamental facts which are 
important both as a summary of our knowledge of the subject to date, 
and as a necessary introduction to an investigation in this particular 
field. These facts, which have been established, may briefly be expressed 
as follows: 

1. Potassium permanganate, in concentrated aqueous solution, when 
treated with caustic alkali of sufficient strength and heated, spontaneously 
decomposes into potassium manganate and free oxygen. 1 ’ 

2. During most permanganate oxidations more or less free oxygen is 
evolved, and this evolution is caused by the presence of the lower oxides 
of manganese, or their compounds. Spontaneous decomposition of aque¬ 
ous potassium permanganate solutions, with the production of free oxygen, 

"" is always brought about by the presence of these lower oxides, but does not 

1 This paper has been constructed from a dissertation presented by the author 
in 1919 to the Faculty of the Graduate School of Yale University in partial fulfilment 
of the requirements for the Degree of Doctor of Philosophy.—T. B. Johnson 

’ Aschoff, J. prakl. Chem., (j J 81, 19 (1860); Wanklyn and Cooper, Phil, A fag., [5] 
7,138 (1879); Sackur and Taegner, Z. Elektrochem., 18, 718 (191a). 
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occur in their absence. The researches of Morse and his students, 1 sup¬ 
ported by the work of many other investigators, have established these 
facts, although some contrary evidence has been presented. 5 The mechan¬ 
ism of the reactions to which the oxygen evolution is due has not been 
satisfactorily explained One suggestion offered is to the effect that man¬ 
ganese dioxide, if precipitated, polymerizes at the expense of perman¬ 
ganic acid, liberating the oxygen from the latter. 3 

3. The decomposition of potassium permanganate, in aqueous solution, 
is stimulated by an increase in concentration, or a rise in temperature. 4 

4. Benzene derivatives of various structures, even those with the same 
substituents, but in different positions, show wide differences in suscepti¬ 
bility to oxidation by potassium permanganate and other oxidizing agents; 
yet these phenomena show little regularity. Remsen's law, 1 which does 
not by any means hold in all cases, seems to be the only important general¬ 
ization which has been made in this field. 

5. When organic compounds are oxidized by potassium permanganate 
in alk alin e solution, an increase in the concentration of the alkali pres¬ 
ent may produce distinctly different effects in different cases. 4 

6 . Catalyzers may greatly affect permanganate reactions 7 

Insofar as I have been able to determine from the literature, no sys¬ 
tematic attempt has been made to determine the manner in which the pro¬ 
gressive variation of the conditions influencing the oxidation of any given 
series of aromatic compounds affects the products of such reactions. This 
applies both to the yields obtained and to the amounts of unchanged ma¬ 
terial recovered in the process. Moreover, most of the work described 
in the literature which in any way bears upon the subject, has been carried 
out with relatively very small quantities of material. It has been my 
object, in this investigation, to select a definite series of aromatic com¬ 
pounds, with an aliphatic side chain, and to submit this side chain to 
oxidation by potassium permanganate, in alkaline solution, in such a 
manner as to make possible a study of the influence of conditions upon 
the reactions. There have been taken into consideration not only the 

1 Morse, Hopkins and Walker, Am. Chem J , 18, 401 (1896); Mor-e and Reese, 
Ibid., 20, J2i (1898); Morse and Byers, Ibid., 23, 313 (1900); Brand and Ramsbottom. 
J. prakt. Chem., [2] 82, 382 (1910); Gooch and Danner, Am. J. Sci , [3) 44, 301 (1892). 

•Meyer and von Reckhnghauser, Ber., 29, 2349 (1896); Hirtz and Meyer, Ibid., 
20, 2828 (1896). 

• Morse and Byers, Am. Chem. J., 23, 313 (1900). 

4 Brand and Ramsbottom, J. praki. Chem., (2] 82, 382 (1910); Morse and Reese, 
Am. Chem. J., 20, 321 (1898). 

4 Remse n, Am. Chem. J., 1, 36 (1879); Rem sen and Palmer, Ibid., 4, 142 (1882); 
Richard Meyer, Ann., 220, 16 (1883). 

•Behrend, Ann., 333, 139 (1904); Witzemaim, This Jocinai., 38, 130 (1916); 
Evans and Day, Ibid., 38, 375 (1916). 

1 Dorosehevski and Pavlov, /. Chem. Sec., [2] no, 24 <(916). 
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quantity and rate of addition of the oxidizing agent, but also the alka¬ 
linity of the oxidizing mixtures, the concentration and temperature of 
the solutions, and the influence of certain catalyzers. The work has been 
carried out on a moderately large laboratory scale, and it is hoped that the 
results may be of some value in the practical application of potassium per¬ 
manganate as an oxidizing agent. 

II. Discussion of the Oxidation of o-, m- and ^-Nitrotoluenes. 

For this work the 3 nitrotoluenes were selected as representative ex¬ 
amples of aromatic side chain compounds to be submitted to oxidation 
by potassium permanganate. They were chosen for 3 reasons: (1) 
They are available in quantity, and each of them undergoes oxidation 
readily to the corresponding acid. (2) They constitute a typical series 
of disubstituted benzene derivatives, hence a study of their relative prop¬ 
erties might throw some further light upon the benzene problem. (3) 
Two of the products of oxidation, 0-, and p-nitrobenzoic adds, are of possi¬ 
ble technical value; the former in the synthesis of dyes, and the latter in 
the manufacture of pharmaceuticals. 

While the o- and ^-nitrotoluenes can readily be purchased upon the 
market, the m-compound was not available in this way, and had to be 
synthesized in the laboratory. The only synthesis already described which 
seemed suitable for this purpose was that starting from m-nitro-/>-toIuidine, 
C*H,(CHj)(NOt)(NH;), which is converted into m nitrotoluene by di- 
azotization and reduction, substituting the amino group by hydrogen. 
The nitrotoluidine is best prepared from commerdal p-toluidine, by acetyl¬ 
ation, nitration, and subsequent japonificatiop. All these reactions have 
been carefully studied, with the idea of establishing the best conditions 
under which they may be carried out, in order to obtain good yields with 
a minimum quantity of reagents and the smallest expenditure of time and 
effort. It has been found possible to effect the nitration by means of a 
small quantity of a “mixed acid" consisting of ordinary cone, nitric and 
sulfuric acids, while the diazotization and reduction take place much more 
smoothly in the presence of a small amount of copper powder, which acts 
as a catalytic agent. A practical laboratory method for carrying out the 
synthesis is described in the Experimental Part. 

The oxidation of the nitrotoluenes, the study of which constitutes the 
main problem under investigation, was entirely carried out in alkaline 
or nearly neutral solutions. The plan has been not so much to attain the 
highest possible purity of product upon a very small scale, as to make 
a product of high commerdal quality in relatively large quantities. The 
reactions have been studied from the point of view of the investigator who 
desires to synthesize considerable amounts of material, or to acquire data 
of value in a commercial application of the reactions involved. 

It has been found that every influence that has been studied, which can 
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be brought to bear upon the oxidation of the nitrotoluenes with alkaKne 
potassium permanganate, has a marked effect upon the results obtained. 
While it might naturally be expected that entirely different kinds of changes 
in the conditions of oxidation would produce widely different types of 
changes in the results, this is not the case. Whatever change of condi¬ 
tions was made, it was found, in general, that the result was merely to 
cause a different proportion of the nitrotoluene present to be attacked by 
the oxidizing agent. The yield in grams of nitrobenzoio acid is altered, 
but the weight of unchanged nitrotoluene recovered is also altered, in the 
inverse direction, and in such a manner that the sum of the two remains 
not far from a constant quantity. This holds true to a striking extent, 
notwithstanding the fact that certain changes of procedure do cause the 
“constant,” as well as the quality of the product, to vary' somewhat. 

These facts plainly' enable us to draw' two important conclusions with 
regard to the oxidations, as follows. First, the quantity of nitrotoluene, 
or of nitrobenzoic acid, entirely destroyed bv the oxidizing agent, is es¬ 
sentially' constant for each nitrotoluene, and is not greatly affected by 
changes in the oxidation procedure. Second, inasmuch as the perman- 
ganater, usually present in excess, is in all cases entirely reduced, at least 
two entirely independent changes take place at the same time in the reacting 
mixture, namely, the oxidation of the organic compound, and the decom¬ 
position of the permanganate into manganese oxides and free oxygen. 
The effect of altering the conditions or procedure is thus either to ac¬ 
celerate or to retard one or the other of these changes, which will cause a 
greater or less proportion of the nitrotoluene to be converted into the corre¬ 
sponding acid before the whole of the permanganate present has been re¬ 
duced.. It has been well established that permanganate is nearly always 
decomposed with the evolution of oxygen when in the presence of any' 
of the oxides of manganese, and these must of necessity be present in the 
alkaline reacting mixture as soon as any of the jiermanganate has been 
reduced by the organic matter present. It has been shown, however, 
that if a solution containing alkali and permanganate, in the proportions 
mbst frequently employed in this work, is boiled for a prolonged period, 
no decrease in its oxidizing power can be detected provided it contains 
no organic matter, and no suspended oxides of manganese 
Turning now to a consideration of the influence upon the reaction of 
the specific changes of conditions which have been studied, it is found 
that increasing the concentration of alkali in the oxidizing mixture 
up to a certain point favors the oxidation of o-nitrotoluene, beyond which 
point a further increase produces essentially no effect, all other condi¬ 
tions being kept constant. By this increase in alkaline concentration the 
oxidation of the meta compound is hindered, such oxidation being most 
effective in an essentially neutral medium; while that of the para isomer 
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is favored up to a certain point, beyond which the quality of the product 
becomes very poor. In all probability, then, the presence of alkali on 
the one hand accelerates considerably the oxidation of the 0- and p- 
nitrotoluene, and does not so much affect that of the m-nitro toluene; 
while on the other hand it accelerates to a certain extent the decomposi¬ 
tion of the permanganate It is plain that if the alkali accelerates the 
oxidation of the 0- and the p-nitrotoluenes more than it does the decompo¬ 
sition of the permanganate, the oxidation of these compounds will be 
favored by increasing concentrations of alkah, while if the oxidation of 
the meta isomer is not accelerated as much as the decomposition of the oxi¬ 
dizing agent, the oxidation of this derivative will lie hindered by the pres¬ 
ence of alkali. 

The fact that the oxidation of the 0- and p-compounds is so much more 
accelerated bv the alkali than that of the w-compound, suggests to the 
writer that this difference in behavior is due to the difference in molecular 
construction of the 3 isomers. It is well known that aromatic combina¬ 
tions which can assume a quinoid structure are more susceptible to chemi¬ 
cal attack than those which must retain the benzenoid form. Theoreti¬ 
cally, especially in the presence of alkali, both 0- and p-nitrotoluene can 
assume a quinoid structure, while no such configuration can be assigned 
to the w-compound. Consequently it seems logical to assume that the 
difference in chemical liehavior may be due to these tautomeric changes. 

Again, there is some evidence in the literature' to the effect that the 
presence of alkali in a solution in which potassium permanganate is re¬ 
duced affects the physical state of the oxides of manganese precipitated. 
It is known that these oxides are verv active in inducing the decomposi¬ 
tion of permanganate, so that it seems reasonable to assume that the 
concentration of alkali, in our oxidations, might affect the rate of decompo¬ 
sition of the oxidizing agent In all cases it has been found that alkali 
increases the rate of reaction. 'Phis is in accord with the assumptions 
which have been made regarding the quinoid structure in the cases of the 
0- and p-nitrotoluenes, and the increased rate of decomposition of the 
permanganate in the case of the w-isomer. 

An increasing dilution of the reaction mixture favors the oxidation of 
all the nitrotoluenes, which is quite what would be expected from the 
statement in the literature that an increasing concentration of a per¬ 
manganate solution stimulates the decomposition of the permanganate 
into manganese oxides and free oxygen. Highly concentrated, alkaline 
oxidation mixtures very rapidly beeome deep green, indicating the de- 
compostition of the permanganate directly into manganate and free 
oxygen. It was found in the oxidation of the p-nitrotoluene that an in- 
1 Jones, J. Chtm. Soc., 33,93 (1878!. 
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creasing quantity of permanganate in excess of the theoretical quantity 
favors the reaction up to a 10% excess, but not beyond this. A greater 
quantity of permanganate merely oxidizes nitrotoluene without increasing 
the yield of nitrobenzoic add. The 10% excess also seems to give a better 
quality of product, and was arbitrarily adopted in the oxidation of the 
other nitrotoluenes. While most of the oxidations described in this in¬ 
vestigation were carried out at the boiling temperature of the reacting 
mixture, the influence of lowering the temperature was studied in the 
case of the p-nitrotoluene. The yield obtained was considerably de- 
•'Creased, and the time of oxidation greatly increased by this procedure. 
This shows that while lowering the temperatme decreases the rate of 
decomposition of the permanganate into manganese oxides and free oxy¬ 
gen, it decreases the rate of oxidation of the ^-nitrotoluene to an even 
greater extent. 

Catalytic influences upon the reaction have been studied in the oxi¬ 
dation of o- and ^-nitrotoluenes, by carrying these out in 3 different types 
of container, one of iron, one of copper, and one lined with enamel, which 
is the equivalent of one of glass. It was found that in both cases nearly 
the same results were obtained in the copper and the enamel lined con¬ 
tainers; but distinctly lower yields, and products of poorer quality, in the 
iron container, both with and without alkali. Evidently the metallic 
iron catalyzes the decomposition of permanganate. The addition of 
salts of calcium and magnesium to the reaction mixture in the oxidation 
of ^-nitrotoluene in neutral solution produced no noticeable effect; nor 
did the addition of pyridine to a similar oxidation in alkaline solution, 
although it acts as a strong negative catalyst in certain permanganate 
reactions. 1 

Considering the results from the point of \ iew of position in the benzene 
ring, it has been shown that p-nitrotoluene under all conditions is oxidized 
most readily, the o-compound next, and the m-isomer least. There seem 
to be no valid generalizations in the literature upon the relative rates of 
oxidation of 0-, m-, and ^-compounds to which these results may be 
compared intelligently. It appears, however, to be in accord with general 
experience, that the o-compound should oxidize somewhat more slowly 
than the />-isomer, on account of the protective influence of the strongly 
negative nitro group in the o-position to the methyl group (Remsen’s 
law). Why the m -isomer should be so resistant to oxidation is quite ob¬ 
scure as yet, although there are some recorded cases 5 in which w-disubsti- 
tuted benzene derivatives show this property. As far as my work has 
extended, all changes of the conditions of oxidation except one, affect 
the 3 isomers in the same general way. The exception is the influence of 

1 Michael and Gamer, Am. Chem. J., 33, 267 (1906). 

* Bruckner, Ber., 9, 406 (1876); Renter, Ibid., 17, 2028 (1894). 
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alkali, which, as has already been described, stimulates the oxidation of 
the o- and p-nitrotoluenes, but retards that of the m-derivative. 

III. Experimental Part. 

The Preparation of Meta-nitrotoluene. 

All the nitrotoluene employed in this research was prepared in the 
laboratory from p-tolujdine. This base was first converted into its acetyl 
derivative by digestion with glacial acetic acid and the acetate then sub¬ 
jected to nitration 1 with a mixture of sulfuric and nitric acids. It was 
found that it was unnecessary to use fuming nitric acid for this operation, 
and the results of several preliminary experiments showed that the best 
yields are obtained by nitrating at a temperature of 30 to 40 °. The re¬ 
sults of a series of nitrations with different proportions of acids are re¬ 
corded in the table below 

Tabus I 

Nitrations with Different Proportions of Acids 

20 g of acetotoluide used in each experiment. 


r.xpt 

Sulfuric acid 

G 1 84) 

Cc 

Nitric 

and 

C c 

Nitric 

acid 

Yield of 
r.itrotoiuide. 

M P 

Degrees 

Character 

Of the 
product 

1 

20 

68 

8 

85 

93-4 

Good 

2 

20 

S') s 

7 

8 S 

92-4 

Good 

3 

20 

s> 

6 

85 

91-2 

Not so pure 

4 

40 

42 s 

5 

77 

80- 

Impure 

5 

20 

42 5 

5 

88 

88-92 

Not very pure 

0 

IO 

41 5 

5 

77 

88-93 

Fmrly good 

7 

7 5 

34 

4 

78 

94-6 

Good 

8 

7 5 

35 5 

3 

7» 

93-4 

Good 

9 

7 5 

22 5 

2.6 

79 

94-s 

Good 

10 

0 

22 5 

2 6 

67 

75-90 

Very impure 

u 

7 5 

17 

2 

73 

90-4 

Good 

12 

5 0 

17 

2 

62 

92-4 

Good 


It will be observed that the proportions represented in Kxpts. 8 and 9 
are productive of the maximum yield of m-nitro-p-acetotoluide, 
C*H»(CHj)(NOi)*(NH.COCHj) 4 for a low molecular concentration of 
nitric add. The proportions represented in Expt. 8 were finally adopted 
as most advantageous on the whole, and were used in all nitrations upon 
a large scale. The product so obtained is of good quality, and the yield 
of the toluide, 78% of the theoretical, is quite satisfactory. A "mixed 
add” made up in the following proportions gives good results: Nitric, 
50%; sulfuric, 25%; and water, 25%. Twenty g. of p -acetotoluide re¬ 
quires 50.5 g. of this mixture. It has been my experience that this nitra¬ 
tion proceeds very quickly and that it is not necessary to let the mixture 

1 Beiistein and Kuhlberg, A»« , 155, 24 (1870); Gattermsnn, Ber., 18, 148a (1885): 
Netting and Collin, Ibid., 17, 264 (1884), Noyes, Am. Cktm. J, 10,475 (1888); Reverdin 
«nd 1 * Due, Ber., 43, 3460 (1910). 
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stand longer than 15 minutes after final addition-of the acetotoluide to 
the mixed acids. 

The acetyl derivative was hydrolyzed in the usual manner by digestion 
in alcohol with sodium hydroxide 1 and the nitrotoluidine then subjected 
to diazotization and reduction with alcohol in order to replace the amino 
group with hydrogen. ’ A greater or less excess of sodium nitrite had but 
little effect upon the yield of nitrotoluene produced, and an excess of 
30% was adopted as most convenient. 1 introduced one modification 
in Buchka’s method, namely. the incorporation of copper powder to catalyze 
the reduction reaction. Although this metal has been used by several 
investigators, among whom may be mentioned Tobias , 3 St. Von Niemen- 
towski,'* Ullmann and Bieleck 3 to catalyze the evolution of nitrogen trom 
diazo compounds and to effect condensations, there does not seem to ap¬ 
pear in the literature any description of its use in a process where reduction 
of a diazo group with alcohol is applied. 1 found that the yields of nitro¬ 
toluene could be greatly increased by use of the metal, and in the follow¬ 
ing table are recorded the results of a senes of experiments showing its 
effect. 

Table II. 

Effect of Copper Powder on the Diazotization 
Weight of m Nitro-p-toluidme in Each Case, 25 g. Time of Standing aftei Diazotiza¬ 
tion; 3 Hours 

Nitrite sola- 

bulfunc tion JOO k Yield of 

95% acid N&NOi tn Copper m intro 

alcohol (cone ) lf»S cc HtU powder toluene 


Expt 

Cc 

Cc 


Cc 

G 

r 

Remark** 

1 

95 

'4 


22 5 

2 

75 


2 

95 

<4 


22 5 

2 

7? 

Catalyzer added before 








diazotization 

3 

95 

14 


22 5 

O 

59 

Much tar 

4 

95 

14 


22 <7 

12 5 

73 

Little tar 

5 

63 

14 


22 5 

2 

f >3 


6 

M 3 

14 


22 5 

2 

55 


7 

95 

14 


22 5 

2 

67 




1 

f HC 1 





8 

95 

55 

sp gr 

33 8 

2 

82 

Product contained chlo- 


^ i 20 nne 


It has been my experience that the alcohol recovered from a reduc¬ 
tion process cannot be used again successfully as the aldehyde impurity 
interferes with the reaction. Attempts to reduce the diazo compound 
with stannous chloride in hydrochloric acid solution, or with sodium 

* Gatterman, toe cit ; Noyes, HHd. 

* Buchka, Ber., 22, 829 (1889) 

* Ber., 33, 1628 (1890) 

* Ibid., 34, 3323 (1901) 

•Ibid., 34, 2174 (19m)- 
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stannite in alkaline solution were unsuccessful. The exact procedure 
for carrying out the preparation of nitrotoluene from m-nitro-p-toluidine 
may now be summarized as follows: 

100 g. of m-nitro-p-toluidine is added to a mixture of 375 cc of 95% alcohol and 
56 cc. of sulfuric acid, sp gr. i 84 The mixture is heated until solution is complete, 
cooled in ice water, and vigorously stmed. 90 cc of a solution of sodium nitrite, 
containing 100 g of sodium nitrate m 165 cc of solution, is allowed to flow m, drop by 
drop, during a period of about 20 minutes The reaction mixture is allowed to stand 
in the cold for 3 hours 8 g of copper powder is next added, in portions, and the flask 
placed in cold water. The mixture gradually warms to about 40°, and the nitrogen 
is promptly and rapidly evolved The alcohol is then distilled off, the residue steam 
distilled and extracted with ether After Lhe removal of the ether the crude m-mtro- 
toluene is heated to its boiling point to expel the last traces of ether and is obtained 
as a red oil weighing about 66 g , equivalent to 73* £ of the theoretical yield The 
crude product is purified by distillation With the apparatus at my disposal, its boiling 
point was found to be no° at 15 mm , 113-14° at 18 mm , 128° at 32 mm ; and 223° 
at ordinary pressure, ’uncorrected" According to the literature, m-mtrotoluene 
bods at 228-231° ("uncorrectcd'’"; and melts at 16 0 

The Oxidation of the Nitrotoluenes with Potassium Permanganate. 

The oxidation of the ,5 nitrotoluenes to the corresponding nitrobenzoic 
acids has long lieen known, and has been carried out by numerous in¬ 
vestigators. The oxidizing agents used by them for this purpose, notably 
potassium dichromate in sulfuric acid solution, and potassium perman¬ 
ganate in alkaline solution, have been \erv frequently applied, both in 
these and many oilier similar oxidations. A careful search of the litera¬ 
ture, howeier, lias failed to reveal any comparative series of oxidations 
similar to that described in the following pages. A summary of the 
numerous isolated examples which are recorded is not necessary at this 
point 

The o-nitrotohiene submitted to oxidation was purchased in the market. 
It was quite pure, boiling mostly from 213 to 218°, the true boiling point 
being 218 V and was not further purified. The wi-nitrotuluene was syn¬ 
thesized as already described, and the purified product employed in the 
oxidation experiments. The p-nitrotoluene was purchased upon the 
market. It melted at 54-6°, the true melting point being 54 V and it 
was used directly in the subsequent work. The potassium permanganate 
employed as the oxidizing agent was the usual commercial product. Two 
large lots which were received at the laboratory were analyzed to determine 
their ^oxidizing power with the following results - 

* JLot A. 1 g. KMnO, ~ -'-T —-1 974 , 1.970 g. H,Ct 0 ». 2 H ,0 

Calc., r g. KMnO, — 1 993 K- H,C, 0 ,. 2 Hj 0 . 

Lot B 1 g. KMnO, — ~ <■*» 2.207, 2.212 g. (NH.i!,CjO,,HjO 
Cfjlc, t g. KMnO, ■=--- = 2.247 g. (NH 4 ),C, 0 ,.H,O. 

1 Ber , 14, 1987 (1891). 

* Z. Ckttm., A". F., 1, 220 (1863). 
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Therefore, the oxidizing power of the permanganate was 98.9, 984% 
of the theoretical value. As this potassium permanagnate was very nearly 
pure, at least with regard to its oxidizing power, it was used directly as 
the oxidizing agent. The sodium hydroxide used was the usual high grade 
commercial product, and the solvent employed was water. 

The only part of the apparatus required in the process which merits 
any detailed description is the container in which the oxidation took place. 
In order to determine the catalytic effects of 3 different metals upon the 
reactions, 3 different types of container were used. They were a copper 
kettle, an enamel lined iron pot, and an iron drum. The copper kettle 
was made especially for this investigation. The enamel lined pot had 
been used for various purposes for some time, but although it was some¬ 
what corroded, the enamel nevertheless covered almost all the surface of 
the iron. The iron drum was of tire ordinary commercial variety, and was 
subjected to an extremely thorough cleaning before it was used in this work. 

The general method employed in carrying out the oxidations was es¬ 
sentially the same in all cases, and was, in detail, as follows. 

The water was first measured into the container, and the desired quan¬ 
tity, if any, of sodium hydroxide weighed out and added to it. Next the 
nitrotoluene was carefully weighed out—in the majority of cases ac¬ 
curately to 0.1 g.—and poured into the sodium hydroxide solution. The 
container was then fitted with an inclined reflux condenser, and the con¬ 
tents heated nearly to boiling. In the meantime the potassium perman¬ 
ganate to be used was weighed and divided into a number of approxi¬ 
mately equal parts, the first of which was added in the solid state to the 
hot alkaline solution containing the nitrotoluene in suspension. The 
mixture was finally heated to boiling. When the pink color imparted to 
the solution by the permanganate had disappeared, the next portion was 
added, and so on until all had been used up. The product was then dis¬ 
tilled with steam, to recover the unchanged nitrotoluene. The steam 
distillate was extracted with ether, the ether solution dried, and the ether 
removed in the usual way. After the ether had distilled off the residue 
was heated for a time on the boiling water bath, to expel the last traces, 
and then cooled and weighed. The main solution was washed out of the 
container, evaporated over a free flame to a convenient volume, and filtered 
from the precipitated oxides of manganese. The filtrate was then further 
evaporated, and filtered again to remove the traces of manganese oxides 
which nearly always passed through the filter in the colloidal condition 
the first time. The filtrate, which was usually yellow in color and con¬ 
tained sodium nitrobenzoate, was finally further concentrated and acidified 
hot, with cone, hydrochloric acid. After cooling the solution, the nitro- 
benzoic add which was deposited was filtered off, dried and weighed. 
It was not further purified. 
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la the oxidation of o-nitrotoluene, a 25 g. sample was used, but the 
Tesults have ail been calculated on the basis of a 50-g. sample for the rake 
of uniformity. The time in general required to decolorize one portion 
of the permanganate varied from half an hour to an hour, depending upon 
the proportion of alkali present. In all cases, the presence of alkali in 
the oxidation mixture increased the velocity of the reaction. The sodium 
o-nitrobenzoate solutions were fight yellow in color, but of a progressively 
deeper shade as the alkalinity of the oxidation mixture increased. The 
o-nitrobenzoic acid always separated in the crystalline condition, the color 
of the product varying from almost pure white to distinctly yellow, follow¬ 
ing, in general, the color of the solution from which it separated. The 
solubility determinations of Oechsner de Coninck 1 show that a saturated 
solution of o-nitrobenzoic acid in dil. hydrochloric acid contains somewhat 
over 2 g. of the former in 500 cc., at 8.5°. The solutions were, therefore, 
evaporated to approximately that volume before precipitation, and cooled 
to 8 or 9 0 before filtration. Two g. was then added to the weight of acid 
obtained in order to get the true yield. The product was in every case 
nearly pure o-nitrobenzoic add. It melted at 139-42 °, but sintered at 
a slightly lower temperature. The melting points given in the literature 
are 141 °, 2 145 V '47° 4 

The w-nitrotoluene was also oxidized in 25 g. samples, but the results 
calculated on the basis of a 50-g. sample. The oxidation was at only a 
little slower rate than that shown by the ortho compound. It was accel¬ 
erated by the presence of alkali. The color of the solutions and that of 
the product, whidi invariably separated in the crystalline condition, varied 
from white to yellow, depending upon the proportion of alkali present, 
as in the case of the ortho compound. Following the solubility determina¬ 
tions of de Coninck, the solutions were evaporated to 500 cc., cooled to 
20 0 and 1.5 g. added to the weight of add obtained in each oxidation, 
to allow for the quantity remaining in the mother liquors. The wi-nitro- 
benzoic acid melted at 136-8 0 and was a satisfactory product. The melt¬ 
ing point is given in the literature as 140-1 •. 

The p-nitrotoluene was oxidized in 50-g. samples. Inasmuch as it is 
a solid at ordinary temperatures, the extraction of the steam distillate 
with ether was unnecessary. The unchanged material was filtered off, 
dried at a low temperature, and weighed. The speed of oxidation of the 
fara compound was always essentially twice as great as that of the ortho 
isomer, and, furthermore, was twice as great in an alkaline as in a neutral 

1 Compt. 'end., 118, 538 (1894). 

* Ann., 163, 13s (1872). 

* 7 «d., 166, US (1873)- 

'Ipti., IJ>3, 231 (1878). 

* 193, 213 (1878). 
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solution. Thus it required, in an alkaline medium, only about 15 minutes 
to decolorize one portion of the permanganate. The alkaline solutions of 
sodium p-nitrobenzoate varied in color all the way from very light yellow 
to dark red, and the precipitated product was either amorphous or crys¬ 
talline, depending chiefly upon the quantity of alkali present during the 
oxidation. The amorphous variety varied in color front reddish brown 
through brown to light gray, while the crystalline modification varied 
from light brown through pink to almost pure white. As p-mtrobenzoic 
acid is exceedingly insoluble in water, the solutions were not evaporated 
to a volume much less than one liter, and no correction was applied for the 
acid remaining in the mother liquors. The solutions were filtered cold. 
The products in nearly all cases melted at,.>234-7 0 —a few at about 230 °. 
The true melting point of p-nitrobenzoic acid is given as 238 °. 1 

In all the oxidations, the products haring the best appearance,which 
were crystalline, and white or nearly so, were obtained from neutral 
oxidation mixtures, but such products were no more pure than the rest, 
as shown by their melting points. In cases where the percentage concen¬ 
tration of the alkali in the solution was high, the pink color of the per¬ 
manganate very rapidly gave place to a deep green. If the alkali con¬ 
centration was low no green color whatever was produced. Lastly, the 
oxides of manganese precipitated in a neutral oxidation were darker and 
denser than those which were formed in the presence of alkali. 

The Oxidation of o-Nitrotoluene, CeHdCHd'fNO,) 2 . - The first study 
made in the oxidation of o-nitrotoluene was that of the influence of a 
varying concentration of alkali upon the reaction. The quantity of }kt- 
manganate used, 128 g., was 10 ( 7 C in excess of the calculated amount, 
which is 116 g. for a 50-g. sample This excess had previously been found 
most advantageous in the oxidation of p-nitrotoluene. The results ob¬ 
tained are summarized in the following table. 

Table III. 

(Oxidations of a Nitrotoluene m the Copper Contaimrs 1 
jo^g. of o-Nitrotoluene, 128 g of Potassium Permanganate and 3150 cc of Water 
Used m liaeh Experiment 


Expt 

NaOH 

G 

I'nchangt d 
c nitrotoluene 
G 

Yield of o-nitro 
benzoic acid 

G 

Yield + 

unchanged 

G 

I 

O 

12 D 

38 0 

50 

2 . 

4 

9 s 

37 0 

47 

3 

J- 

8 6 

38 8 

47 

4 

16 

7 2 

40 8 

48 

J ■ 

32 

6 2 

41 0 

47 

6 . 

64 

6 2 

44 6 

5? 

7 ■ ■ 

84 

4 6 

45 2 

50 

8.... 

I04 

5 2 

44 6 

50 

9. 

128 

4 8 

45 4 

50 


* Ann ., 193, 226 (1878). 
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The results show that an increasing percentage concentration of the 
alkali in the solution favors the oxidation of o-nitrotoluene up to a certain 
point, but bevond that has but little effect Expt. 6 represents the most 
favorable concentration. 

Next a study of the influence of dilution upon the oxidation was made, 
both with and without the optimum concentration of alkali. The re¬ 
sults are recorded below 

Table IV 
Effect of Dilution 

Oxidation*, in the Copper Container 

50 g of o-Nitrotoluene and 128 g of Potassium Permanganate Used in Each Experiment. 


lapt 

Portion*. 

of 

KMnOi 

Water 

Ci 

S 9.011 

O 

Unchanged 
o-nvtro- 
toluenc G 

Yield c»f 
o-ni txot> en tote 
acid G 

Yield + 
up chan ged 

G 

1 

S 

300 

64 

29 4 

9 4 

39 

2 

8 

1575 

64 

IO 2 

37 6 

48 

3 

4 

3150 

64 

6 2 

44 6 

si 

4 - 

2 

6300 

64 

5 4 

49 8 

55 

5 

8 

joo 

O 

3 3 6 

18 8 

42 

6 

8 

1575 

O 

*3 4 

3> 4 

45 

7 

4 

3150 

O 

12 0 

38 0 

50 


In the absence of alkali, the time required to decolorize V» of the per¬ 
manganate was as high as 1.5 hours. The results show that both with and 
without alkali, increasing dilution very greatly favors the oxidation. 
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Fig. 2.—o-Nitrobenzoic acid produced and o-nitrotoluene recovered vs. dilution. 


A study of the catalytic effect of the container upon the oxidation was 
now carried out with the following results: 

Table V. 

Catalytic Effect of the Container. 

jo g. of o-Nitrotoluene, iz8 g of Potassium Permanganate in 4 Portions, and 3150 cc. 


of Water Used in Each Experiment. 

Unchanged Yield of Unchanged 

NaOH. o-mtrotoluene o mtxobenzoic 4- yield Container 
Expt. G G. acid G G used. 

1 . 64 14 o 36 o 50 Iron 

2 . 64 62 44 f. 51 Copper 

3 . 64 70 44 o jr Enamel 

4 . 6 4 82 42 8 si Enamel 

5 .o 14 o 32 o 46 Iron 

6 . 12 o 38 o jo Copper 

7- •'. o 14. o 36 o 50 Enamel 


Here it is seen that both with and without alkali, the oxidations per¬ 
formed in the copper and enamel containers gave essentially the same re¬ 
sults, while those carried out in the iron drum gave a lower yield. They 
also gave a more highly colored product. 

The best conditions found for oxidizing o-nitrotoluene to o-nitrobenzoic 
add are those represented in Expt. 2, Table V. The product obtained 
is satisfactory, and the yield is 73% of the theoretical amount. If the 
unchanged nitrotoluene recovered is allowed for, the yidd becomes 84% 
of the calculated amount. The yield obtained in Expt. 4, Table IV, 
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is considerably higher, but the dilution is so great that it is not practical 
to employ the proportions there used. 

The Oxidation of w-Nitrotoluene, C 1 I 1 ( (CHs) i (N 0 2 ) 1 . —The reagents, 
apparatus, methods of operation and general considerations have already 
been described. 

The influence of alkali upon the oxidation was first studied, and the re¬ 
sults obtained, which were quite unexpected, are summarized below: 

Table VI. 

Influence of Alkali 
Oxidations in the Copper Container. 

50 g. of m-Nitrotoluene, 128 g. of Potassium Permanganate in 4 Portions and 3150 cc. 
of Water Used in Each Experiment. 



NftOH. 

Unchanged 

»-mtrotolttene. 

Yield of 
m-nitrobenzene 

Unchanged 

4 * yield. 

tfxpt. 

G 

G 

wad G 

G. 

I . 

. O 

20 2 

27 j 

47 

2 . 


jg 6 

27 3 

47 

3 . 

. 8 

20.6 

25 9 

47 

4. 


20 8 

24 9 

46 

s . 

. 3 * 

22-4 

22.7 

45 

6 . 

. 6 4 

25-’ 

is 9 

44 

7 . 

. 84 

26.8 

17 7 

45 

8 . 


28 0 

16 5 

45 

9 . 

. 128 

28 4 

16.1 

45 
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The results show that in this case the effect of the alkali is just the re¬ 
verse of what it is in the oxidation of the ortho compound, as here an in¬ 
crease in the percentage concentration of the alkali in the oxidizing mix¬ 
ture hinders the oxidation, which is most efficient in an essentially neutral 
medium. 

The influence of various degrees of dilution upon the reaction is shown 
by the following summary: 

Table VII. 

Influence of Various Degrees of Dilution 
Oxidations in the Copper Container 

50 g. of m-Nitrotoluene and 118 g. of Potassium Permanganate Used in Each Experi¬ 
ment 


Expt. 

Portions 

of 

KMn 0«. 

Wattr. 

Cc 

NaOIl 

G 

Unchanged 
m rutroloiucnc 

G 

Yield of 
m-tntrobcnroic 
acid G 

Unchanged 
■+■ yield 

G. 

1. 

8 

500 

O 

32 O 

8 7 

4* 

2 


IOOO 

O 

25 2 

14 7 

40 

3 

S 

1575 

O 

23 4 

10 1 

43 

4 ■ 

4 

3150 

O 

20 2 

27 I 

47 

5 

2 

6300 

O 

17 2 

32 3 

so 



Fig 4 —m-Nitrobenroic acid produced and m nitrotolueiu recovered vs dilution 

These results indicate that the oxidation of the w-nitrotoluene, in com¬ 
mon with that of the ortho compound is greatly favored by increasing di¬ 
lution of the solution. 
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The most advantageous conditions for the oxidation of m-nitrotoluene 
are on the whole represented in Expt. i, Table VI. The product is of 
good quality, and the yield is 44% of the theoretical. If allowance is 
made for the unchanged nitrotoluene recovered, the yield is raised to 
74% of the calculated amount. As in the case of the ortho compound, 
a higher dilution improves the yield (Expt. 5, Table VII), but is hardly 
practical for general use. 

To determine whether or not the potassium permanganate was de¬ 
composing spontaneously in the boiling solutions, 16.0 g. of permanganate, 
1575 cc. of water, and 32 g. of sodium hydroxide were placed in the copper 
kettle, and the mixture boiled for about 8 hours. Before boiling the solu¬ 
tion, an aliquot part was taken out and titrated against a standard solu¬ 
tion of ammonium oxalate, containing 0.0100 g. per cc. After boiling the 
solution, another aliquot part was taken out and titrated in a similar 
manner It oxidized an amount of oxalate identical u itli the first. There¬ 
fore, the oxidizing power of the potassium permanganate solution was 
not decreased by boiling it for 8 hours in an alkaline solution of a strength 
equal to that employed in the oxidation experiments which gave the best 
results. 

To this permanganate solution was next added 2.5 g m-nitrotoluene, 
and the boiling resumed. A partial reduction of the permanganate took 
place immediately, but the last of the pink color of the solution disap¬ 
peared very gradually, about 7 hours of boiling being required to 
decolorize the mixture entirely. The resulting solution was worked 
up in the usual manner. There was recovered 0.4 g. of unchanged 
nitrotoluene, and the yield of »i-nitrc>benzoic acid produced was 2.1 g. 
(= 0.6 + 1.5'. 

This indicates that a small amount of the w-nitrobenzoic acid had been 
burned up, and that the presence of the organic matter in the solution did 
not catalyze the decomposition of the permanganate to any very significant 
extent. 

The Oxidation of p-Nitrotoluene, CsHdCHDHNOs)*.—The oxidation 
of the /' nitrotoluene was investigated much more fully than that of either 
of the other two isomers; and some of the relative proportions of the re¬ 
agents involved which were adopted in the oxidations of the other nitro- 
tolueues, were derived from the results of the work upon the para com¬ 
pound. The reagents, the apparatus, and the general method are de¬ 
scribed above. The oxidizing mixture first used was approximately that 
suggested by Noyes' the quantity of permanganate employed being the 
calculated amount. 

1 "Organic Chemistry for the Laboratory," 1897, p. 26. Chern. Pub. Co., Eas¬ 
ton, Pa. 
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The first study made was, as usual, upon the influence of alkali upon 
the oxidation, and the results obtained are expressed in the table below: 

Table VIII. 

Influence of Alkali. 

Oxidations in the Enamel-lined Container. 

50 g. of p-Nitrotoluene, 116 g. of Potassium Permanganate in 3 Portions and 1373 
co. of Water Used in Each Experiment 


NsOiL 

Unchanged 

^-nitratolucne. 

Yield 0 1 
p-mtrobenioic 

Unchanged 
+ yield. 


G. 

G 

acid G 

G 

Character of product. 

4 

*5 

32 

47 

Amorphous 

8 

12 

34 

46 

Amorphous 

16 

12 

36 

48 

Amorphous 

32 

8 

39 

47 

Amorphous 

64 

9 

39 1 

48 

Amorphous 

128 

5 

42 

47 

Reddish and amorphous 



10 so so +0 so so 70 so 90 too no ito no a ha 
—^-Nitrobenzoic acid produced and £-nitrotoluene recovered pj. alkali 


These results indicated that an increasing percentage concentration of 
alkali in the solution favors the p-nitrotoluene oxidation up to a certain 
point only, and that the best concentration was that used in Expt. 5. It 
was employed in most subsequent oxidations. 

The influence of dilution was next studied, with the following results: 

* Precipitated add, after filtration, washed by decantation. 
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Table IX. 

Influence of Dilution. 

Oxidations in the Enamel Lined Container. 

jo g. of p-Nitrotoluene and 116 g of Potassium Permanganate Used in Each-Expert* 

ment. 

Unchanged Yield of Unchanged 
Portions Water NaOH ^-nitrotolo- ^-nitroben- +■ yield 
Kxpt KMaOi. C c G cne C zoic acid G. G Character of prodoct. 


1 . is 500 64 14 32 46 Amorphous 

2 . 5 1575 64 9 39 1 48 Amorphous 

3 . 3 JIJO 64 S 43* 48 Amorphous 

4 . J 6300 64 6 43* 49 Amorphous 

Oxidations in the Copper Container. 

jo g. of p-Nitrotoluene and 128 g. of Potassium Permanganate Used in Each Experi¬ 
ment. 

5. 8 500 o 21 8 22 o 44 .... 

6 . 8 IJ75 o 12 4 34 8 47 ... 

7 • • ■ 4 3150 o 90 45 o 54 Crystalline (nearly 

white) 



* These results show that increasing dilution favors the oxidation both 
with and without alkali, and that, on the whole, the proportion of water 
used in Expt. 3 is the best. This was used in subsequent oxidations. 

The influence upon the oxidation of employing different amounts of 

* Precipitated add washed by decantation. 

* Predpitated add dissolved in alkali, filtered and repredpitated. 

* The same amount allowed for inorganic material in the precipitate as was allowed 

in Expt. 3, ♦. 3 g. 
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permanganate in excess of the calculated quantity was next investigated. 
The results are given in the following scheme: 

< Table X. 

Influence of Excess of Permanganate 
Oxidations in the Enamel Lined Container 

30 g. of />-Nitrotoluene, 3130 cc. of Water and 64 g of Sodium Hydroxide Used in Each 

Experiment. 


Expt 

KMnO« 

G 

Portions 

KNdO, 

Unchanged 
p-mtrotolu 
cne G 

Yield of 
£-mtrobeo< 
zoic acid G 

Unchanged 
■+■ yield 

G 

Character 
of product 

I.« . 

116 

3 

5 

43 1 

48 

Amorphous 

2 ... 

122 

3 

4 

40 

54 

Amorphous 

3.. • 

128 

4 

3 

52 

55 

Crystalline 

4- 

141 

4 

2 

52 

54 

Crystalline 

5- • ■ 

• 155 

4 

0 4 

52 

S2 

Crystalline 



T f» J 20 190 l+O tBO I 0 O u KMtiO* 

Fig 7 —p-Nitrobenzoic add produced and p-nitrotoluene recovered vs permanganate 
in excess of the calculated quantity 

The best results were obtained in Expt. 3, in which permanganate 10% 
in excess of the theoretical amount was used. This excess was subse¬ 
quently employed, not only in this series of oxidations, but also in the 
other two series. 

A study of the influence of temperature upon the reaction necessitated 
a slight change in the apparatus, namely, the introduction of a vigorous 
mechanical stirrer which was used in the oxidations taking place below 
the boiling temperature of the solution. The results follow: 

1 Precipitated add dissolved in alkali and reprecipitated. 
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Tabus XI 


Influence of Temperature. 
Oxidations in the Enamel-Lined Container. 


50 g. of p-Nitrotoluene, 128 g of Potassium Permanganate in 4 Portions, 3150 cc of 
Water, and 64 g of Sodium Hydroxide Used in Each Experiment 


Expt 


Unchanged 
£-ni£rotolu 
eite G 


Yield of 
p-mtroben- 
zoic and G 


Unchanged 

+ yield Temperature 

G Degrees 


Character 
of product 


1 8 

2 8 

3 ■ 3 


46 

54 

6 O -65 

Very crystalline 

45 

53 

85 

Very crystalline 

52 

55 

Boiling point 

Ct vstallme 


The boiling temperature is thus found to be most favorable to the oxida¬ 
tion The time of oxidation was greatly increased by a decrease in the 
temperature. In Expt. 1, it required 2 hours of heating to decolorize 
1 4 of the permanganate as compared with approximately 15 minutes in 
Expt. 3. 

The influence of the container upon the oxidation was now studied, 
both in the neutral and alkaline solutions. The results are given in 
Table XII. 

Table XII 

Influence of the Container. 

,So g of p-Nitrotoluciie, 128 g of Potassium Permanganate in 4 Portions, 3150 cc. of 
Water, and 14 g of Sodium Hydroxide Used in Each Experiment. 


I.Xpt 

l nch.'mgcii 

P mtrotolu 
eur (5 

Yield of 
p-nitrobcn- 
zoic acid O 

Unchanged 
-*• yield 

G 

Container 

Character of product 

1 

4 

47 

51 

Iron 

Amorphous 

2 

6 

46 

52 

Iron 

Amorphous 

\ 

4 

50 

53 

Copper 

Amorphous but lighter colored 

4 

3 

48 

5* 

Copper 

Amorphous but lighter colored 

5- 

3 

5* 

55 

Enamel 

Crystalline 

6 

3 8 

30 

54 

Enamel 

Crystalline but tinged brown 


No sodium hydroxide used in 

the following experiments 

7 

I I 

39 

50 

Iron 

Crystalline but tinged brown 

8 

13 

tS 

50 

Irou 

Crystalline but tinged pink 

9 

. 9 

45 

54 

Copper 

Crystalline nearly white 

10 

10 

44 

54 

Enamel 

Crystalline nearly white 


These results indicate that oxidations conducted in the iron drum give 
in all cases both the poorest yield and the poorest quality of product. 
Those carried out in the copper and enamel containers give approximately 
* the same yields, but the quality of the resulting product is better when 
the enamel-lined pot is used. In all cases the absence of alkali in the 
oxidation mixture greatly decreases the yield, but “improves the quality 
of the product. The best appearing product was obtained in Expts. 9 
and 10, but it failed to melt any more sharply than the rest. 

The best conditions which were attained for the oxidation of p-nitro- 
toluene are those represented in Expt. 5. The amount of material re¬ 
covered unchanged was at a minimum, and the yield of add at a maximum. 
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The product was entirely crystalline, and of a light grayish color. It tfas 
obtained in an 85% yield. If the unchanged material is allowed for the 
yield is raised to 91% of the calculated quantity. 

A number of experiments were made studying various isolated influ¬ 
ences which may be brought to bear upon the oxidations of p-nitrotoluene, 
which did not fit especially well in any of the above series. The results 
of these are collected in the following table: 

Tablb XIII. 

Other Experiments. 

Oxidations in the Enamel-Lined Container. 


Using 50 g. of p-Nitrotoluene, 128 g. of Potassium Permanganate and 3150 cc. of Water. 


Expt 

Portions 

KMnO 

NaOH 

G 

Unchanged Yield of 
P-mtro- p*nilrO' 
tolu- benzoic 

eue G acid G. 

Un¬ 
changed 
+ yield 

G 

l haracter of product. 

1. 

s 

64 

2 5 * 

53 

Crystalline 

2. .... . 

4 

64 

3 52 

55 

Crystalline 

3 •••• 

4 

I 02 1 

■I 39 

50 

Crystalline tinged pink 

4. 

4 

45 * 

10 38 

48 

Crystalline tinged pink 

s(a) • • - 

5 

64 

6 48 

52 

Amorphous 

Using 50 g. of p-Nitrotoluene, 116 g. of Potassium Permanganate and 500 cc. of Water. 

6 (A). 

5 

20 

25 20 

45 

Amorphous 

7 (A). • 

.. IS . 

20 

19 25 

44 

Amorphous 

Using 50 g. of p-Nitrotoluene, r 16 g. of Potassium Permanganate and 3150 cc. of Water. 

8. 

3 

128 

4 44 ’ 

48 

Amorphous 

9 (c) .. 


64 

4 47 * 

51 

Amorphous 


Using 100 g. of p-Nitrotolucne*, 256 g. of Potassium Permanganate and 3150 ec. of 

Water 

10. 8 64 14 85 99 

Expts. i and 2 indicate the effect upon the oxidation of varying only 
the number of portions in which the permanganate is added. The smaller 
number of portions is as advantageous, if not more so, than the larger. 

Expts. 3 and 4 show the results of limiting the alkaline strength of the 
solution to that of Mg(0H)2 and Ca(OH)2, respectively. They also illus¬ 
trate the influence of the metals, if any. The product obtained under 
these conditions was of very good quality, but the yield was poor. 

Expt. 5 was carried out to show any catalytic effect of pyridine upon 
the oxidation. The presence of the pyridine only decreased the yield 
slightly. 

In Expt. 9 the permanganate was added gradually, in hot solution, 
116 g. of permanganate to 400 cc. of water, to note the effect of increasing 

1 MgSO, 7HiO. Alkaline strength of Mg(OH)i. 

* CaClt, anhydrous. Alkaline strength of Ca(OH)s. 

* Allowed 4.8% for StO» in the product, according to analysis. 

* In two so g. portions. 

(a) 25 g. pyridine added. 

(f>) NaOH and water reduced proportionately from Expt. 3, Table VIII. 

(c) KMnO« added in solution. 
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to infinity the number of portions in which the oxidizing agent was added. 
This procedure is troublesome and of no advantage. 

Expt. 10 shows that increasing the concentration of the organic matter 
in the mixture, while the concentration of alkali in the solution remains 
constant, decreases the yield obtained. 

To determine whether or not p-nitrobenzoic add was oxidized itself 
by alkaline permanganate, the following experiment was tried. Nine g. 
of p-nitrobenzoic add, 985 cc. of water, 3 g. of sodium hydroxide, and 21 
g. of permanganate (added in 5 separate portions) were boiled together 
under a reflux condenser. Each portion required about */« hour to become 
decolorized. When the solution had become colorless, the mixture was 
filtered and addified, and there was recovered 6 g. of the add. Three g. 
had, therefore, been burned up, which would theoretically reduce 24 g. 
of permanganate if converted entirely into carbon dioxide and water. 

Summary. 

A comparative study of experimental conditions, which have an in¬ 
fluence on the oxidation of the isomeric nitrotoluenes by means of potas¬ 
sium permanganate in alkaline solution, have led to the following results: 

(1) A gradually increasing concentration of alkali in the oxidizing mix¬ 
ture favors the oxidation of o- and f-nitrotoluene, up to a certain point, 
while the oxidation of the ^-compound takes place best in an essentially 
neutral medium. 

(2) An increasing dilution of the solution favors the oxidation of all 
the nitrotoluenes 

(3) f-Nitrotoluene is oxidized most readily, the o-compound next, 
and the m-derivative least. 

In conclusion the writer desires to express his thanks for the constant 
and friendly interest of Professor Treat B. Johnson, under whose direction 
this work has been carried out. 

Nkw Havkh Cukx 


[Contribution prom thr Laboratories op the Rockefeller Institute for 
Medical Research.] 

AROMATIC ARSENIC COMPOUNDS. I. 

A PLAN OF PROCEDURE FOR THE SYNTHESIS OF ARSBNICALS FOR 
CHEMOTHERAPEUTIC RESEARCH. 

Bv Walter A. Jacobs and Michael Hbidblbercsr. 

Received July 2 11)19 

In the following communications and in those which will appear later, 
we shall describe certain groups of aromatic arsenic compounds which 
have been the subject of our studies for several years. In collaboration 
with Drs. WadeH. Brown and Louise Pearce, who have had charge of the 
biological phases of the work, we have prepared these substances for 
the treatment of experimental trypanosome and spirochaete infections. 
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Although the fundamental types of aromatic arsenic chemistry had been 
amply studied by Michaelis, the methods at his disposal were such as to 
limit considerably the development of the field opened up by his researches. 
The proof by Ehrlich and Bertheim 1 that "atoxyl,” obtained by the ar- 
senation of aniline, 2 is the sodium salt of p-aminophenylarsonic acid at 
once led to a great expansion in the study of aromatic arsenic compounds. 
Ehrlich and those associated with him developed the synthetic possi¬ 
bilities very fully and added greatly to our knowledge in this field. The 
substances described in their published accounts were mainly those con¬ 
taining one or more of the usual substituents such as amino, hydroxyl, 
carboxyl, halogen, nitro and the like on the same aromatic nucleus as 
either trivalent or pentavalent arsenic. 

The great practical achievements of this work were the synthesis of 
diamino-dihydroxy-arsenobenzene (salvarsan base) and the discovery of 
its great value in the treatment of syphilis and other related diseases. 
Later synthetic attempts to improve upon this drug were mainly con¬ 
ducted along similar lines, involving the synthesis of substances anal¬ 
ogous to salvarsan, of derivatives of the latter and of various metallic 
coordination compounds of these substances. In the majority of in¬ 
stances the studies have involved compounds in which the chemical 
variations have been confined to the aromatic nucleus containing the 
arsenic and it can be assumed that such material has been the subject 
of fairly exhaustive study. 

It seemed wise, therefore, to look in other directions for opportunities 
for the further synthetic development of arsenic compounds rather than 
to attempt an extension of.the already thoroughly studied groups of 
substances. However, in the formulation of any comprehensive and 
systematic developmental policy, it was necessary' to keep in mind the 
biological aim of the work, and in planning our synthetic procedure we 
have accordingly given special consideration to certain desiderata which 
we believed essential in this connection. Since these requirements have 
influenced the character of the substances to be described in the follow¬ 
ing articles, we feel that a preliminary discussion of these considerations 
will be appropriate here. 

In the first place, work in chemotherapy, to be logical, must be based 
on the assumption that there is a relationship between chemical consti¬ 
tution and biological action. The substances to be chosen should there¬ 
fore be of such a character as to permit interpretation of the biological 
action as a function of chemical structure, in order that the data obtained 
may be used in the further prosecution of the work. This can be con¬ 
sistently carried out only when the compounds studied are sufficiently 

1 Bir., 40, 3292 (1907). 

* B6champ, Bull. soc. chim., 5, 518 (1863). 
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alike in general structure to reduce to a minimum the number of chem¬ 
ical features which must be considered in contrasting the biological prop¬ 
erties of compounds in order to arrive at the chemical cause of the observed 
variations in action. The conditions for such homogeneity of material 
can best be realized by confining the studies to a group of closely related 
substances which may be regarded as derivatives of some parent com¬ 
pound. The various chemical modifications in the series of drugs would 
then l>e chiefly in the nature of the addition to the molecule of groups 
or side chains, readjustments in their relative positions or alterations 
confined to such groups or side chains. 

In the selection of the types of substances due consideration should 
be given to the technical character of the work involved in their prepara¬ 
tion. As the efficient prosecution of work in chemotherapy can be 
accomplished only by the intimate and parallel cooperation of both the 
biological and the chemical sides, preparative difficulties can not be 
allowed to consume a disproportionate amount of time and effort. It is 
desirable, therefore, that the types chosen represent readily accessible 
groups of substances. These types also should be of such a character 
as to permit of ready chemical modification by the addition of new groups 
or side chains which may in turn be altered at will as regards number, 
character, or position. It is important when a certain chemical modifi¬ 
cation is suggested as particularly desirable from a study of the biological 
results, that the modification be reasonably easy to execute. Otherwise, 
as has only too often occurred, the work will be brought to a standstill 
because of the difficulty of developing further a chemical lead which has 
been presented. 

The realization of these requirements can be made easier if the sub¬ 
stances chosen are prepared by reactions of a simple type. For this 
purpose as starting material there is chosen a readily obtainable substance 
which contains on the one hand the therapeutic element or radical, and 
on the other hand some reactive group such as, for example, the amino group. 
Each new compound would then be produced by the reaction of this start¬ 
ing material with a second class of substances, each of which possesses the 
same suitably reactive group as, for instance, aliphatically bound halogen. 
The production of the final compounds would in each case depend mainly 
on the accessibility of this second group of substances. It may not be 
irrelevant to point out that accessibility is not only an important aid 
to scientific orientation, but also determines the cost of any remedy 
which might be developed. Finally, for practical reasons, substances 
which can be dissolved in water are most desirable. 

From a purely chemical standpoint, in applying these requirements 
to the preparation of arsenic compounds for biological study, it was ob¬ 
vious from the first that pentavalent arsenic compounds would offer the 
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best material for initial explorations. The trivalent arsenic derivatives 
as a class do not meet with the technical requirements as above set forth, 
whereas the more available, more easily handled, and more stable penta- 
valent compounds promised to afford wider opportunities for synthetic 
work. These substances, possessing the arsenic as the salt-forming ar- 
sonic acid residue, at once solved the problem of solubility. For bio¬ 
logical work, arseno compounds, on the other hand, are restricted to 
those which possess other salt-forming groups and are therefore far more 
limited than the pentavalent compounds. We are inclined to regard 
reduction to the arseno form more as a chemical modification which 
could ultimately be attempted where the presence of a non-arsenical 
solubilizing group might make this desirable. 

Arsanilic acid, the most accessible of the aromatic arsenic*compounds, 
was naturally chosen as the fundamental substance. This compound 
contains not only the therapeutic element arsenic, in a salt-forming com¬ 
bination, but also carries a very reactive amino group. As Ehrlich and 
Bertheim have amply shown, it can be subjected to all the reactions 
which characterize primary aromatic amino compounds. It therefore 
afforded the logical and ideal starting material for the synthetic treat¬ 
ment outlined above. By choosing the proper reaction it was possible 
to make use of this amino group in such a way as to form a side chain 
which served the function of a connecting link between the benzene 
nucleus containing the arsenic and another group in which the chemical 
alterations were made. Moreover, in particular cases in which an optimal 
effect had been achieved with a substance derived from arsanilic acid, 
the opportunity always remained for studying the further effect of changes 
in position or of the addition of new groups in the nucleus containing the 
arsenic, by making the analogous substance derived from the isomers, 
homologs or other substitution products of arsanilic acid. 

J>-Hydroxy-phenylarsonic acid, another easily available aromatic arsenic 
compound, offered similar possibilities by virtue of the hydroxyl group, 
although this is more limited in reactivity than the amino group. 

The following types which were developed in the present work will 
present this plan of procedure in more concrete form: 

I. Diazoamino Compounds, A — N = N —NRR', in which A is the 
arylarsonic acid radical and R and R' hydrogen, alkyl, aryl or sub¬ 
stituted aryl groups. 

As Ehrlich and Bertheim have shown, arsanilic acid may be readily 
and quantitatively diazotized and the diazo compound coupled with 
appropriate couplers to form azo dyes. We have likewise found that 
the diazo compound couples in a normal manner with suitable secondary 
aliphatic amines and primary and secondary aromatic amines to form 
diazoamino compounds. The same result could also be obtained in the 
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case of the primary aromatic amines by first diazotizing these and coup¬ 
ling the resulting diazonium salts with arsanilic acid. The compounds 
obtained from the aromatic amines suited our purpose best. 

II. Azo Dyes, A — N = N —R, in which A is the arylarsonic acid rad¬ 
ical and R is the aromatic coupler. 

III. A'-Substituted Amides of A ? -Phenylglycine-j>-arsonic Acid, 

A—NHCHjCONRR' in which R and R' are hydrogen, alkyl, aryl or 
substituted aryl groups. 

As a primary amino compound, arsanilic acid should react with alkyl 
halides to form A r -alkyl derivatives. In the particular direction in which 
we chose to employ this reaction, its practicability had already been 
suggested by the preparation of the single substance, phenyl glycine-p¬ 
arsonic acid, from arsanilic acid and ehloroacetic acid. 1 We have demon¬ 
strated, as was to be expected, that this reaction could be extended to 
chloroaeetyl compounds in general. Our attention was centered mainly 
upon the development of a series of compounds by the use of the chloro- 
acetyl derivatives of primary and secondary aliphatic or aromatic amines. 

IV. ^-Substituted Ureides of A r -Phenylglycine-p-arsomc Acid, 
A—NHCHjCONHCOXHR.—This type of substance is closely related to 
the previous one and was in like manner easily prepared from arsanilic 
acid and the chloroaeetyl uramino compounds, ClCH 2 CONHCONHR in 
which R may be hydrogen, or an alkyl, aryl, or substituted aryl group. 

V. Substituted A r -Phenylglycyl Derivatives of Arsanilic Acid, 
A—NHCOCH 2 NIIR.—Type III naturally suggests aparallel series of com¬ 
pounds in which the side-chain joining the two benzene nuclei is reversed. 
These substances were prepared with remarkable readiness from chloro- 
acetylarsanilic acid and primary or secondary amino compounds. 

VI. Substituted o-Phenyl Glycollyl Derivatives of Arsanilic Acid. 
—When the amine in the preceding series was replaced by a phenol in 
alkaline solution, chloroacetylarsanilic acid was found to react smoothly 
in the proper sense, yielding substituted o-phenvl glycollyl derivatives 
of arsanilic acid, of the following general formula: A—NHCOCH 2 OR. 

VII. Substituted Amides of o- Phenyl Glycollic Acid p-Axsonic Acid, 
A —o-CH 2 CONHR. 

By a reaction identical with that given in Type VI, only starting with 
p- hydroxyphenyl arsonic acid and cldoroacetylamino compounds, an 
analogous type of substances was prepared, differing from Type VI in 
that the side chain connecting the two nuclei is reversed. 

Still other types were similarly studied. 

Since the development of Type III has led to the most important re¬ 
sults in the present work we shall confine the discussion to this group 
1 Ocr. pat 204,664. 
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of substances. In this type the fundamental member of the series is 
Af-phenylglycinamide-p-arsonic acid, 

NHCHiCONH, 



AsO,H 2 

This substance was prepared by the simple reaction of chloroacetamide 
on the sodium salt of arsanilic acid. By replacing the chloroacetamide 
by chloroacetylalkyl amines a limited series of compounds was prepared, 
which naturally preceded those of the aromatic series. The broadest 
scope for synthetic work, of course, was furnished by the aromatic series, 
compounds of this type being obtained from substituted chloroaeetylaryl- 
amines and arsanilic acid. 

This sub-group possesses two aromatic nuclei, an arsenical nucleus 
and a non-arseuical nucleus. It is apparent that by the choice of the 
proper chloroacetylarylamine any desired chemical groupings on the 
non-arsenical nucleus could be obtained. These could be made to vary 
at will as regards the character, number, and position of the substituting 
groups. And as the resulting substances were all obtained by the same 
reaction the technique of their preparation was easily standardized. 
The availability of any substance of this series was therefore determined 
only by the accessibility ol the aromatic amine from which the chloro- 
acetyl compound was prepared. As the alterations in the chemical 
groupings were first confined to the non-arsenical nucleus, each individual 
substance could be considered to be derived from the same parent type. 
Insofar as the biological action can be interpreted as a function of con¬ 
stitution, such a series therefore offered the opportunity of determining 
the biological value of each group, or of the position which it occupied 
in the nucleus. The correlation of the chemical and biological facts 
obtained with such homogeneous material offered a good opportunity 
for concluding in what direction new alterations within the same type 
should be attempted. And as the type was composed of available sub¬ 
stances such dictates were generally possible to follow. 

It was thus the purpose at first to confine the chemical alterations to 
the non-arsenical nucleus. But ultimately by employing a homolog, 
isomer, or other substitution product of arsanilic acid, modifications on 
the arsenical nucleus were attempted. Finally the side chain— 
NHCH5CONII—which serves as the link between the two nuclei was 
also made the place for chemical alterations without destroying the 
relationship of the resulting compounds to the original type. This group 
could be changed to the chain—NHCHRCONH—in which R could be 
alkyl or aryl. Variations of this nature were generally made, not on 
a finished substance of Type III, but on an intermediate product; for 
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example, if R is phenyl, such compounds were prepared bv reacting 
"arsanilic acid with phenylehloroaeetyl ammo compounds 

By the above treatment of the subject we have attempted to realize 
the conditions postulated at the start as essential in a logical plan for the 
synthesis of new arsenicals for biological study. It is our belief that a 
similar treatment of other leads, where chemically possible, will prove 
of service in chemotherapeutic investigations 

^ \KW York N Y 


| Contribution from the Laboraiories of the Rockefeller Institute for 

Medical Research J 

AROMATIC ARSENIC COMPOUNDS. II. THE AMIDES AND 
ALKYL AMIDES OF A’-ARYLGLYCINE ARSONIC ACIDS. 

Bv Walter A Jacobs and Milhail HuDrcm kglr 
R eceived July 2 1919 

As in the case of other aromatic ammo compounds, sodium p amino- 
phenylarsonate (sodium arsamlatc) has been found to react with chloro- 
acetic acid to form phenylgly cine p arsonic acid 1 In the present in¬ 
vestigations we have found that the amide and alkvl amides of cliloro- 
aeetic acid react in similar manner to form the amide and alkyl amides 
of phenylglycinc p arsonic acid, with the following general formula 

MICIJ.COISRR 



As( >,[)» 

in which R and R' may be hydrogen, alkyl, benzyl or substituted benzyl 
radicals Although arsamhe acid itself may be employed in this re 
action instead of the sodium salt, the reactivity of the amino group is 
suppressed by the negative arsonic acid radical so that the reaction pro¬ 
ceeds very f slowly, and satisfactory’ yields are only obtained when an 
extra molecule of the ammo acid is employed, since the hy droeliloric acid 
produced during the condensation renders a portion of the base inactive. 
On the other hand sodium arsamlate exhibits the full reactivity of the 
ammo group and the sodium ion present neutralizes the hydrochloric 
acid as it is foimed. 

Chloroacetamicle and the simpler chloroacetyl alkylammes condensed 
readily with sodium arsanilate in boiling aqueous solution, and although 
the reaction in no instance proceeded quantitatively’, ow’ing to the oc¬ 
currence of side reactions, ’/s to 2 hours’ boiling sufficed for obtaining 
optimum yields. In the case of the chloroacetylbenzy 1 amines, 50°^ 
alcohol was found to be the most serviceable medium owing to the spar- 
1 Ger pat. 204,664. 
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ing solubility of these compounds in water. Moreover, the reactivity 
of the chlorine atom in these substances proved to be so much less than' 
that of the simpler alkyl derivatives that the addition of sodium iodide 
was found necessary, greatly facilitating the condensation owing to the 
intermediate formation of the iodoacetyl derivatives. 

The first member of the series, A'-phenylglycineamide-p-arsonie acid, 
was also prepared by the action of concentrated ammonia on the methyl 
ester of phenylglycine-p-arsonic acid. This method could unquestionably 
be employed for the preparation of the simpler homologous compounds, 
in which case it would necessitate the recovery of the excess of the ex¬ 
pensive amines. 

The present studies on p-arsanilie acid were extended to include an¬ 
alogous substances starting with o- and wi-arsanilic acids and the homol¬ 
ogous aminoaryl arsonic acids. 

All of the glycineamide arsonic acids are colorless, crystalline substances 
which are as a rule but sparingly soluble in the usual neutral solvents 
and possess high melting or decomposition points, the latter depending 
greatly upon the rate of heating. As arsonic acids they dissolve in al¬ 
kalies and alkaline carbonates to form neutral salts, but are completely 
displaced from these by so weak an acid as acetic acid. Because of the 
imino group they also possess basic properties and form nitroso deriva¬ 
tives. The basicity appears to be more feeble than that of arsanilic 
acid itself, since these substances dissolve or form stable hydrochlorides 
only in strong hydrochloric acid, the salts being easily hydrolyzed by 
water. On boiling with an excess of alkali or with mineral acids the amide 
linking is hydrolyzed with the formation of the glycine arsonic acid and 
the amine. 

In the experimental part of this and subsequent papers a description 
of the sodium salts will be frequently encountered. In many cases these 
afforded a means for purifying such crude reaction products as could not 
be directly recrystallized, but the majority were prepared in order to 
furnish substances in a readily soluble form convenient for biological test¬ 
ing. 

Since the results obtained with the first member of the group, A ? -phenyl- 
glvcinamide-p-arsonic acid, 

NHCHjCONHz 



AsOjHz 


in the treatment of experimental trypanosome and spirochaete infections 
have been of so promising a character and because of its low toxicity, this 
substance has been made the subject of extensive study, 1 The biological 
1 It may be appropriate to mention here that this substance and related com- 
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results are being publisRed elsewhere by our colleagues, Drs. Brown 
and Pearce. Because of the importance of this compound we are pre¬ 
senting it and the other derivatives obtained from p-aminophenyl arsonic 
acid first, the derivatives of o- and w-aminophenyl arsonic acids following 
these. 

EXPERIMENTAL. 

(A) Derivatives of p-Aminophenyl Arsonic Acid. 
A r -(Phenyl-4-arsonic acid)glycineamide (N-Phenyl-glycineamide-p-ar- 
sonic acid). —Of the two methods used for the preparation of this sub¬ 
stance that described first is perhaps to be preferred. 

434 g. of arsanilic acid 1 were dissolved in 2 liters of N sodium hydroxide 
solution. After adding 375 g. of chloroacetamide 2 the mixture was 
boiled under a reflux condenser for 45 minutes, the clear solution setting 
to a solid mass of the crude product on cooling. 75 cc. of cone, hydro¬ 
chloric acid were added to the cold mixture to hold any unchanged ar- 
sauilic acid in solution and the substance was then filtered off and care¬ 
fully washed with cold water. For purification it was suspended in suffi¬ 
cient water to form a thin paste and carefully treated, with stirring, 
with 25^7 sodium hydroxide solution until the acid was completely dis¬ 
solved. The filtered solution was then treated with an excess of acetic 
acid, whereupon the substance separated as minute, lustrous plates. 
After filtering, washing thoroughly, and drying, the yield was 300 g. 
The use of the above amount of chloroacetamide, though twice that theo¬ 
retically required, was found advisable in order to obtain a good yield. 
The add is very sparingly soluble in Cold water, but dissolves readily on 
heating. It separates from the hot, aqueous solution in aggregates of 

pounds, described in the present and following papers of the scries, are covered by U. S. 
Patents, Nos. 1,280,119—27. Patents have also been applied for m foreign countries. 

All discoveries made at the Rockefeller Institute are made freely available to the 
public, in accordance with the philanthropic purposes of the institution. In order to 
insure purity of product and protection against exploitation, it has been deemed neces¬ 
sary in certain instances to protect the discoveries by patents It is the purpose of 
the Institute to permit any drugs which may prove of practical therapeutic value to 
be manufactured under license by suitable chemical firms and under conditions of 
production which will insure the biological qualities of the drugs and their marketing 
at reasonable prices. Other than through the issuance of license, the Rockefeller Insti¬ 
tute does not participate in any way in the commercial preparation or sale of the manu¬ 
factured chemicals; and it receives no royalties or other pecuniary benefits from the 
licenses it issues. 

1 The first portions of this and several other arylarsonic acids were kindly furn¬ 
ished before the war by L Cassella and Co. and the Farbwerke Hoehst Later, when 
larger amounts of arsanilic acid were required it was prepared by us by heating aniline 
and arsenic acid, although we soon adopted a modification of this general method 
kindly placed at our disposal by Dr G. W. Raiziss, of the Dermatological Research 
Laboratories of Philadelphia. 

2 J. Biol. Chem., 21, 145 (1915). 
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long, thin plates. It is insoluble in methyl alcohol, acetone or chloroform, 
and sparingly in hot methyl or ethyl alcohol, but dissolves in boiling 
acetic acid. It is sparingly soluble in dil. hydrochloric acid but dissolves 
readily in the strong acid, its behavior showing it to be a weaker base 
than arsanilic acid. On boiling its solution in sodium hydroxide am¬ 
monia is evolved. When rapidly heated in an open capillary tube it 
darkens and softens at 280°, but does not melt. 

Subs., o 1405 g.' 12 35 ec. N (22 0°, 761 mm ). Subs 03205: MgiAsjOi o 1832 
Calc, for CuHnOtNjAs: N, 10.22; As, 2733. Found- N, 10.18; As, 27.59. 

Salts.— The pure acid is suspended in enough water to form a thick 
paste and carefully treated with 25% sodium hydroxide solution until 
completely dissolved and the solution reacts neutral to litmus. Two 
volumes of alcohol are then added, the pure sodium salt quickly separating 
as thin, nacreous plates. After filtering and washing with 85^ alcohol 
it is air dried and then contains l /i molecule of water of crystallization. 
The sodium salt is extremely soluble in cold water, the solution reacting 
neutral to litmus. 

Subs., air-dry 0.3921. Loss, 0.0117 in vacuo over HjSO, at >00° 

Calc, for CnHinCLNiAsNa.o 5H2O. HjO, 2.95 Found. 2.98 
Subs., anhydrous, 0.1503- 12.45 cc N (250°, 7 ,2 mm.) Sub-. 02300 MgsAs-O , 
o 1195- 

Calc. for CdboCLNsAsNa N, 946, As, 25.32. Found N, 952; As, 2508 

The potassium and ammonium salts were prepared in the same way 
as the sodium salt and form thin, glistening, hexagonal, microscopic 
platelets. On adding a calcium^chloride solution to a solution of the 
sodium salt the calcium salt gradually separates as microscopic, wedge- 
shaped prisms, containing no water of crystallization. Magnesia mixture 
causes no precipitate in the cold, but on warming the magnesium salt 
separates as a microcrystalline powder. Heavy metal salts give im 
mediate precipitates, the silver salt forming aggregates of thin, micro¬ 
scopic needles. 

iV-Phenyl-glycinamide-p-arsonic acid was also prepared as follows 
from A/’-phenyl-glycine methyl ester p-ar.sonic acid by the action of am¬ 
monia. 

A r -(Phenyl-4-arsonic acid) glycine methyl ester, p-H 2 O s AsCoHiNHCH 2- 
COOCHj.—40 g. of N-phenyl-glycine-p-arsonic acid 1 were treated with 
120 g. of dry methyl alcohol and 12 g. of cone, sulfuric acid. The mix¬ 
ture was boiled under a reflux condenser for two hours. The ester sep¬ 
arated on cooling and scratching, the precipitation being completed by 
the addition of water. The filtered, washed, and dried product weighed 
38 g. It can be recrystallized from hot water or hot 95% alcohol, sep¬ 
arating from the former as microscopic needles and thin plates. It is 
very sparingly soluble in cold water, cold alcohol, or boiling acetone, and 
1 Ger. pat. 204,664. 
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is fairly easily soluble in methyl alcohol, especially on warming. When 
rapidly heated it softens and darkens .above 200 0 and decomposes at 
about 285 

Subs. 0.1560 7.0 cc N (21.0°, 747 mm.). Subs. 0.3135. MgzAsjOr, 01665. 

Calc, for C»HnO(,NAs: N, 4.84; As, 25.94 Found. N, 5 12; As, 25.63. 

The ester was converted into the amide as follows' 10 g. of the ester 
were slowly added, with stirring, to 30 cc. of well chilled, cone, ammonia. 
At first a thick paste of the ammonium salt of the ester was formed, but 
on allowing the mixture to rise to room temperature the reaction pro¬ 
ceeded with formation of a clear solution. After 24 hours the excess of 
ammonia was removed, preferably in vacuo. On diluting with water, 
filtering, and acidifying with acetic acid, phenyl-glycineamide-/>-arsonic 
acid separated in characteristic form. This was purified as described 
above and was identical in every way with the product obtained by the 
direct method. The yield was 8o f ' c of the theoretical amount. 

Subs 0.1297- n 5 cc N (195 0 , 742 mm.) 

Calc, tor C«Hii0 4 N ; As: N, 1022. Found. 10.11. 

A'-(Phenyl-4-arsonic acid)glycine ethyl ester, p-H- 0 : <AsC«IbNH- 
CITCOjCiHv—Recrystallized from 50' , alcohol the ethyl ester forms 
fiat, delicate needles which melt and decompose at about 270° with pre¬ 
liminary darkening and softening. It is very difficultly soluble in cold 
water, rather more soluble in cold alcohol, but dissolves quite readily in 
either solvent on boiling. 

• Subs., 0 1944: (Kjcldahl) 9 3 to <> 0714 N MCI Subs , 0.3287 MgsAs*Oj, 0.1703. 

Calc for CinHuOtNAs- N, 4 62; As, 23.72 Found N, 4 78; As, 25 01 

A'-(Phenyl-4-arsonic acidmitroso-glycineamide, />-II 2 0 jAsC 6 H 4 N- 
(NO)ClI 2 Cf—3 g. of the air-dry sodium salt were dissolved in 10 
cc. of water and 2 cc. of 5 .V sodium nitrite solution (1 mol.) added. On 
addition of 5 cc. of 1 : 1 hydrochloric acid (a little ov er 2 niols.) the rapid 
separation of characteristic crystals of unchanged phenyl-(4-arsonic acid)- 
glycineamide occurred, but on gentle warming the crystals suddenly changed 
to delicate needier and the mixture set to a solid cake. After diluting 
somewhat with water the cooled mixture was filtered, and the nitroso 
compound rccrystallized from water, in which it is readily soluble at the 
boiling point and only sparingly in the cold. It forms resets and sheaves 
of silky needles which intumescc at 182-3°, with preliminary yellowing, 
when rapidly heated to 180°, then slowly. The acid is difficultly soluble 
in cold methyl or ethyl alcohol, more easily on boiling, and dissolves only 
sparingly in cold acetic acid although quite readily in the boiling acid. 
It turns yellow under sulfuric acid, dissolving to an almost colorless solu¬ 
tion giving a brown-red Liebermann test. 

Subs., o.:ii6: 13.6 cc. N (25.5°, 758 mm.). Subs., 0.2763; MgjAsjOj, 0.1412. 

Calc, for C*Hi„Oi,NiAs. N, 13.87; As, 24.72. Found; N, 13.90; As, 24.65. 
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AT-(Phenyl-4-arsontc acid)glycine methyl amide, p-H 2 0 5 AsCeH4- 

NHCH2CONHCHS.—44 g. of arsanilic acid dissolved in 200 cc. of N 
sodium hydroxide solution, 1 and 25 g. of chloroacetyl-methylamine 2 were 
boiled under a reflux condenser for one hour. The acid separated from 
the solution on cooling and scratching and was purified by dissolving 
in just enough dilute sodium hydroxide solution and reprecipitating with 
acetic acid. The substance separated as a thick mass of thin, microscopic 
plates. The yield was 31 g. The acid is fairly easily soluble in hot water, 
from which it separates as aggregates of curved spears. It is difficultly 
soluble in methyl alcohol and may be recrystallized from hot 50% alcohol. 
It darkens and softens above 240° and decomposes after a few moments 
at 285°. 

Subs , 0.3269 (Kjeldahl) 22.4 cc o r N HC1; MgiAsjCb, o 1755. 

Calc, for CsHijOjNjAs N, 9.73; As, 26.00. Found: N, 9 60; As, 25.91. 

A r -(Phenyl-4-arsonic acid)glycine ethyl amide, p-H 2 0 3 AsC c H 4 - 
NHCH2CONHC1 H b . — 44 g. of arsanilic acid and 30 g. of chloroacetyl- 
ethylamine,’ were condensed as in previous examples. For purification 
the resulting ethylamide was dissolved in a small volume of hot water, 
from which it separated on cooling as a thick crust of platelets. The 
yield was 30 g. The acid is sparingly soluble in cold water or alcohol, 
but dissolves readily on wanning. It is soluble in methyl alcohol, par¬ 
ticularly on warming. The substance darkens above 250 0 and decomposes 
at 278-80°. Attempts to make a pure sodium salt were unsuccessful 
owing to its great solubility in water or dilute alcohol. 

Subs., 0.1441' 11.6 cc. N (21.o°, 762 mm.). Subs , 03707. MgzAsiO,, 0.1923. 

Calc, for CioHitCLNjAs. N, 9.27; As, 24 81. Found. N, 9 37, As, 25.04. 

A/-(Phenyl-4-arsonic acid)glycine w-propyl amide, /j-ITO.iAsCeH,- 
NHCH2CONHCH2CH2CH3.—4.4 g. of arsanilic acid and 3 g. of chloro- 
acetyl-propylamine 2 yielded after two hours an oil which crystallized 
when rubbed. This was purified by dissolving in hot, dil. ammonia and 
acidifying with acetic acid. It separated slowly on cooling as flat needles 
or plates and wedge-shaped prisms. The yield was 3.5 g. The substance 
is sparingly soluble in boiling water, but readily so in boiling 50% alcohol, 
from which it separates on cooling as sheaves of microscopic needles. 
It does not melt below 280°. 

Subs., 0.1491: ii.6 cc. N (22.5 0 , 758 mm.). Subs., 0.3188: MgaAssCb, 0.1549. 

Calc, for C11H17O4N2AS: N, 8.86; As, 23.70. Found: N, 8.96; As, 23.45. 

1 Hereafter unless otherwise stated arsanilic acid was always dissolved in the equiva¬ 
lent amount of N sodium hydroxide solution and likewise equivalent quantities of the 
halide were employed for the reaction. 

* This Journal, 41, 472 (1919). 

* /. Biol. Chem., 11, 149 (1915). 
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jV-(Phenyl-4-arsonic acid)glycine dimethyl amide, ^-HjOsAsCaH,- 

NHCH 2 CON(CH3)2-—After ‘/s hour’s boiling the reaction product 
from 3 g. of chloroacetyl-dimethylamine 1 suddenly separated as a mass of 
thin, microscopic needles, often occurring in characteristic sheaves. 
After cooling the mixture was acidified with hydrochloric acid, filtered 
and the substance washed with water. It was recrystallized from 50% 
alcohol, requiring a large volume and separating in the same character¬ 
istic form. The yield was 3 g. The substance is very sparingly soluble 
in the neutral solvents, and when rapidly heated, decomposes at about 

O * 

241-2 . 

Subs., 0.1392: 11.1 cc. N (22.0°, 762 mm ). Subs., o 3440: MgiAsjOj, 0.1747. 

Calc, for CuHuOiNjAs: N, 9.27; As, 24.81. Found- N, 9.2s; As, 24.50. 

Sodium Salt.—A neutral solution of the acid in dil. sodium hydroxide, 
on treating with two volumes of alcohol, yielded the salt as elongated 
plates, which after washing with 50% alcohol and air drying contained 
4 molecules of water of crystallization and dissolved easily in water. 

Subs , air-dry, 0.4277 loss, 0.0782 in vacuo at 80° over H,SO«. 

Calc, for C10HuO4N1.AsNa.4H,O' H, 0 . 18.19. Found- 18.28. 

Subs., anhydrous, 0.2985- (Kjeldah!) 18.35 cc. 0.1 N HC 1 . 

Calc, lor CioHuCbNjAsNa-. N, 8.65. Found. 8.61. 

.V-(Phenyl-4-arsonic acid)glycine diethyl amide, £-H 2 OjAsC«H«NH- 
CIIjCOISKCiHsV—After one hour 4 g. of chloroaeetyl-diethylamine 2 
yielded an oil on cooling which soon crystallized. This was purified by 
dissolving in just enough dil. sodium hydroxide solution and reprecipi¬ 
tating with acetic acid, forming microscopic aggregates of short needles. 
The y ield was 4 g. When rapidly heated it sinters and darkens above 
195 0 and melts at 199-201 0 with gas evolution. It is difficultly soluble 
in boiling water but dissolves in boiling methyl alcohol or 50% alcohol. 

Subs , o 3184 (Kjeldalil) 18 95 cc 0.1 A’ HC 1 , MgjAs^O;, 0.1497. 

Calc, for CuHijCbNiAs. N, 8.49; As, 22.69. Found- N, 8.34; As, 22.68. 

A T -(Phenyl-4-arsonic acid)glycine piperidide, ^-H,03AsC«H 4 NHCH 2 - 
CONCsJIio.—From 4 g. of chloroacety 1 -piperidine 3 there resulted after 
two hours’ boiling a viscous oil which readily crystallized. This was 
filtered off, washed with water, and finally with 50% alcohol to remove 
traces of an adhering oil. The residue was then recrystallized from hot 
50% alcohol, separating in characteristic sheaves of thin microscopic 
needles which soften and darken above 200 0 and decompose at 218- 
21 °. The yield was 3 g. The acid is soluble in hot methyl alcohol and 
hot 50% alcohol, but very sparingly soluble in hot water. 

Subs., 0.1433: 9.95 cc. N (22.5°, 762 mm.). Subs., 0.3055: MgjAsjO:, 0.1400. 

Calc, for CuHi.fXNjAs N, 8.19; As, 21.90 Found: N, 8.05; As, 22.12. 

, 1 J. Biol. Chem., 11, 148 (1915). 

t Ibid,, n, 149 (1915). 

* This Journal, 41, 473 (1919)- 
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A r -(Phenyl-4-arsooic acid)glycine benzyl amide, ^-HsOsAsCeHjNH- 
CH 2 CONHCHsC«H 5.—Since ehloroacetyl-benzylamine 1 and its deriva¬ 
tives reacted relatively slowly and incompletely with arsanilic acid, it 
was found that the reaction could be greatly facilitated by the addition of 
equivalent amounts of sodium iodide to the reaction mixture, owing to 
the intermediate formation of the more reactive iodoacetyl derivatives, 
the medium used being 50% alcohol. 

4.4 g. of arsanilic acid dissolved in 20 cc. of N sodium hydroxide solu- 
tioji, 3.7 g. of ehloroacetyl-benzylamine, 4 g. of sodium iodide, and 20 cc. 
of alcohol were heated under a reflux condenser for 4 hours. On cooling 
the clear solution thickened to a paste of crystals. The collected reaction 
product was purified by dissolving in sufficient dil. sodium hydroxide 
solution and acidifying with acetic acid and again recrystallized from 
hot 85% alcohol, from which it slowly separated as microscopic needles. 
The yield was 3 g. The acid is soluble in boiling 50% or 85 c ' c alcohol 
and in boiling methyl alcohol, but very sparingly in boiling water. It 
decomposes at 282-4°. 

Subs., 02952- (Kjeldahl) 16.25 cc. o 1 N HC 1 ; Mg,As,iO , 01250 

Calc, for C.JLiCLNjAs- N, 7.70; As, 20.58. Pound N, 771, As, 20.43. 

W-(Phenyl-4-arsonic acid)glycine 3'-carboxamido benzyl amide, p- 

HjOjAsCtH^NHCHsiCONHCH^H^CONII^m-).—In a similar manner 
22.5 g. of wi-carboxamido-chloroacetyl-benzylamine, 2 gave a dear 
solution which on standing and scratching deposited 27.5 g. of crude 
product. This was purified by dissolving in the requisite amount 
of dil. sodium hydroxide solution or ammonia and reacidifying 
with acetic acid. It separated gradually as thick aggregates of micro¬ 
scopic needles. On continued washing with water it tends to become 
colloidal. The arsonic acid decomposes at 237 -9 0 with preliminary dark¬ 
ening. It is sparingly soluble in hot water, and boiling acetic acid and 
practically insoluble in boiling alcohol. 

Subs., 0.3431: (Kjeldahl) 25.42 cc. 0.1 N HC 1 , Subs, o 3693 Mg 2 As z O,, o 1400. 

Calc, for CisHisOjNjAs N, 10.32; As, 18,40. Found N, 1037; As, 18.29. 

Sodium Salt .—The acid was suspended in a small volume of hot water 
and 25% sodium hydroxide solution added cautiously until the solution 
cleared and reacted neutral to litmus. On chilling the sodium salt sep¬ 
arated in resets and sheaves of delicate needles, which were filtered off, 
washed with ice water, and air-dried. The salt separates with 5 mole¬ 
cules of water of crystallization and is freely soluble in water and salted 
out from concentrated solutions by sodium acetate. 

Subs., air-dry, 0.8918: loss, 0.1520 in vacuo at 100° over H,SO t . 

Calc, for CuHnOsNjAsNa.sHjO H, 0 , 17.35. Found 1705. 

1 J. Biol. Chem., 20, 686 (1915). ' 

' Ibid ., 30 , 694 (1915)- 
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Subs., anhydrous, 0.3929: (Kjeldahl) 27.35 <x. 0.1 N HC 1 . 

Calc, for CieHuOtNiAsNa- N, 9.79. Found' 9.75. 

iV- (Phenyl-4-arsonic acid)glycine 4'-acetamino benzyl amide, p- 

H 2 O 3 AsC 0 H 4 NHCH 2 CONHCH 2 C 6 H 4 NHCOCH 3 (p-).—After several hours’ 
boiling the arsonic acid resulting from 4.8 g. of p-aeetammoehloro- 
acetyl-benzylamine, 1 separated from the hot solution, and after wash¬ 
ing with 50% alcohol amounted to 5.5 g. It was purified by repreeipi- 
tating its solution in dil. ammonia with acetic acid, separating as flat, 
mieroscopie needles. The acid is almost insoluble in the usual solvents 
except l«t 50^7 alcohol from which it separates on cooling as diamond¬ 
shaped plates. It darkens and sinters partly but docs not melt below 280°. 

Subs., o 3024 (Kjeldahl) 21 4 cc 0.1 N HC 1 . Subs., 0.3824 • MgjAsjCb, 0.1399. 

Calc, for Ciitb ,OoN 3 As- N, 9.9S; As, 17.78. Found. N, 9.91, As, 17.65. 

Sodium Sail .—On treatment of the clear, neutral solution of the acid 
in dil. sodium hydroxide with several volumes of alcohol and scratching, 
the salt separated as microscopic needles. These were filtered off, washed 
with 95 f (' alcohol, and air-dried, then containing 4.5 molecules of water 
of crystallization, The salt is readily soluble in water. 

Subs., air-dry, 0.6157. loss, 0.0965 in vacuo at 100“ over H,SO,. 

Calc, for CrHisOjNjAsNa 4 5H a O: H.O, 15.46. Found' 15.67. 

Subs , anhydrous, o 2974: (Kjeldahl) 20.2 cc. 0.1 N HC 1 ; MgjAsaCb, o 1050. 

Calc, for Ci,Hi« 0 „NjAs>Na: N, 948; As, 16.91. Found: N, 952, As, 17.03. 

,V-(Phenyl-4-arsonic acid)glycine 3 '-carboxureidobenzyl amide, p- 

H 2 0 3 AsC ( ,ll4NHCH 5 CONHCH..C«H 4 CONHCONH 2 (w-).—During the con¬ 
densation with sodium arsanilate the almost insoluble «<-(ai-chloroaeetyl- 
aminomethyl)benzoyl-urea 2 gradually changed its appearance owing to 
the deposition of the reaction product. After 4 hours the mixture was 
diluted with water, made alkaline with ammonia, warmed, and filtered. 
On acidification with acetic acid the filtrate yielded a colorless, crystalline 
powder. This was filtered off, redissolved in hot dil. ammonia, boiled 
with bone black, and the hot filtrate treated with acetic acid. The 
arsonic acid separated as glistening, microscopic aggregates of delicate 
needles which decompose at 239-40 0 when rapidly heated and are prac¬ 
tically insoluble in the usual neutral solvents. The yield was unusually 
poor. 

Subs., 0.1119: 12.4 cc. N (27 0°, 754 mm.). Subs., 0.3052' Mg,AstCh, 0.1042. 

Calc, for Ci-Hi,OcN 4 As. N, 12.45; As, 16.65. Found- N, 12.52; As, 16.48. 

A r -(Phenyl-4-arsonic acid) 4'-uramino benzyl amide, p-H 2 0 3 AsCoH 4 - 
NHCH 2 CONHCH 2 C t ,H 4 NHCONH ! (/2-).—As the reaction mixture ob¬ 
tained from p-uramino-chloroacetyl-benzylamine 3 remained clear on cool- 

1 Einhom and Mauennayer, Ann ., 343, 299 (1905). 

* This Journal, 39, 2432 (1917). 

* 39, 2442 (1917). 
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mg, most of the alcohol was boiled off and water added. On cooling 
an oil separated which gradually crystallized The filtered product was 
dissolved in dil. sodium hydroxide solution and exactly neutralized with 
acetic acid. After standing in the refsigerator for 24 hours the solution 
was filtered from a slight precipitate, but as the sodium salt could not 
be obtained crystalline by any of the usual methods, the solution was 
treated with an excess of acetic acid, again causing the separation of the 
arsonic acid as an oil which gradually crystallized on standing The 
purification process was repeated, resulting in considerable loss, the final 
yield being rather poor. For analysis the substance was dried «» vacuo 
at 100 °. 

Subs , o 3747 (Kjeldahl) 34 8 cc 01 N HC 1 , MgjAsjOj, o 1360 
Calc for Ci«Hi90sN ( As N, 1327, As, 1776 Found N, 1301, As, 1752 
N- (Ph enyl-4-aisonic acid) glycine 3 '-methyl-4'-acetamino benzyl 
amide, ^-H^AsC^NHCHiCONHCHsCsIMCH^NIICOCHaOw'.p'-)— 
3-Methyl-4-acetamino-chloroacetyl-benzyl amine 1 yielded a reaction mix¬ 
ture which set to a gelatinous mass on cooling This was broken up, 
filtered, and washed first with 50% alcohol, then with water In order 
to obtain the acid in crystalline form it was found necessary to pass through 
the sodium salt, a process which caused a great reduction m the yield 
The amorphous product was first partly purified by solution in dil 
sodium hydroxide and reprecipitaluon with acetic acid After filtering 
and washing, the precipitate was dissolved m a small volume of dil sodium 
hydroxide solution, carefully neutralized with acetic acid, and treated 
with a large volume of absolute alcohol On standing in the refrigerator 
the sodium salt separated as a voluminous, almost gelatinous mass of 
delicate, microscopic needles This was filtered off, recrystallized from 
85% alcohol, and air-dned 

The analysis of this salt indicated that the air-dry product contained 
6 molecules of water of crystallization, of which only 4 5 molecules were 
removed at 100 0 m vacuo over sulfuric acid. 

Subs, air-dry, o 7383 loss, o 1053 m vacuo at 100° over HiSO ( 

Calc, for CuHjiOsNjAsNa 6H/J 4 5 H 2 0 , 14 32 Found 14 26 
Subs., dried, 01214 9 5 cc N (265°, 751 mm) Subs, 03410 MgjAsjCb, 
o 1109. 

Calc for CisHjiOjNjAsNa 1 5H2O N, 8 68, As, 15 48 Found N, 8 81, As, 15 70 
On treating the solution of the sodium salt with acetic acid the arsomc 
acid deposited slowly and was obtained as aggregates of flat, minute 
needles on recrystallization from 50% alcohol. When rapidly heated 
it decomposes at 278° and is soluble in boiling water and boiling 50% 
alcohol. 

Subs , o 1422 11 7 cc N (21.5°, 756 mm ) 

Calc for CuHnOjNjAs N, 9 66 Found 9 49 
1 J. Biol. Chem , 20, 688 (1915) 
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CHj CHCONH, 

I 

NH 

iV-(Phenyl-4-arsonic Acid)-a-amino-propionamide ( 

AsO,H, 

22 g. of arsanilic acid dissolved in 100 cc. of N sodium hydroxide solu¬ 
tion, and 22 g. of a-bromo-propionamide were boiled for ’/« hour. The 
arsonic acid separated on cooling. 40 cc of 10% hydrochloric add were 
added to hold unchanged arsanilic add in solution and the crystals fil¬ 
tered off and washed. After reprecipitating the solution of the add in 
dil sodium hydroxide with acetic acid 18 g. were obtained. The amide 
is appTeriably soluble in water at room temperature and readily on boil¬ 
ing, crystallizing on cooling as long, thin, hexagonal plates. It is also 
soluble in hot 50% alcohol When rapidly heated it darkens above 255 0 
and decomposes at 262-3 5 0 . 

Subs , o 1526 12 75 cc N (22 5 0 , 765 mm ) Subs , o 29S1 MgtAsiO , o 1595 
Calc for CiHtsCWiAs N, 973, As, 2600 Found N, 972, As, 2581 

Sodium Salt —A neutral solution of the acid in dil sodium hydroxide 
was concentrated to dryness m vacuo and the residue dissolved in boiling 
95% alcohol On standing in the refrigerator the salt separated from the 
filtered solution as long, flat, microscopic needles, which contained ap¬ 
proximately 2 5 molecules of water of crystallization after air drying. 

Subs , au-dry, o 3718 loss, o 0761 in vacuo at ioo° over HjSO, 

Calc (or CsH u 0 4 NjAsNa 2 sHjO HjO 12 0 V Found 1331 
Subs . anhydrous, o 1443 11 00 cc N (20 s°, 765 mm ) Subs , o 3333 MgjAsjCb, 
o 1643 

Calc for C«Hi; 0 ,NiAsNa N, 903, As, 24 16 Found N, 893, As, 23 79 

Oxanilamide-F-arsonic acid (f-oxamylamino-phenylarsonic acid), p- 
HjOjAsCeHrNHCOCONH; —This substance, although not a glycine 
derivative, was suggested by its analogy to phenylglycineamide-p-arsonic 
acid, and is, therefore, described here for lack of a more appropriate place. 
5 g. of anhydrous sodium arsanilate and io g of ethyl oxamate were 
heated for 2 hours at 140-50 °. The mixture was digested with water, 
very little going into solution, then acidified with acetic acid and filtered 
and washed with water. The crude mass was dissolved in dil. ammonia, 
and on acidifying the warm filtrate with acetic acid the substance slowly 
recystallized as felted masses of minute needles in a yield of 2.5 g. It 
does not darken or melt when heated to 280° and is very sparingly soluble 
in boiling water of 50% alcohol The solution in dil. sodium hydroxide 
evolves ammonia on boiling. 

Subs , o 15+6 12 8 cc N (22 5", 761 mm ). Subs , 03022 MjuAsrfb, 0.1613 
Calc, for C«HiO*N,As N, 973, As, 2601 Found N, 958, As, 2576 




1598 WALTER A. JACOBS AND MICHAEL HEIDELBERGER. 

(B) Derivatives of 0- and m-Aminophenylarsonic Acids. 

iV-(Phenyl-2-arsonic acid)glycine-amide.—8.8 g. of o-aminophenyl-ar- 
sonic acid (o-arsanilic acid) 1 dissolved in 40 cc. of N sodium hydroxide solu¬ 
tion and 7.5 g. of chloroacetamide yielded after a U of an hour the glycine- 
amide, which crystallized on cooling. The mixture was acidified to Congo 
red with hydrochloric acid and allowed to separate more completely in the 
refrigerator overnight. After filtration and washing with cold water 
it was dissolved in a small volume of dil ammonia and acidified to Congo 
red with hydrochloric acid. On standing in the ice-box the arsonic acid 
separated as flat, microscopic needles. The yield was 5 g. In contra¬ 
distinction to the mela and para isomers the ortho acid is not displaced 
completely from its salts by so weak an acid as acetic acid The substance 
is soluble in hot 50% alcohol and boiling water and separates from the 
latter as sheaves of long, thm, narrow' plates. It is sparingly soluble in 
hot methyl and ethyl alcohols When rapid!v heated it decomposes 
at 198-9°. 

Subs , o 1405 1 2 2 cc N ("25 5 0 , 756 mm ) Subs , o 2451 MgiAsjO-, o 1372 
Calc for CiHnO.NjAs N, 1022, As, 27 33 Found N, 996, As, 2700 

A f -(Phenyl-3-arsonic acid Iglycineamide.—A solution of 25 g of in- 
arsanilic acid 1 in 115 cc. of .V sodium hydroxide solution, and 21 g. of 
chloroacetamide were boiled for 45 minutes. On standing in the refrigera¬ 
tor the clear solution gradually deposited the reaction product as a hard 
crust of aggregates of needles which were contaminated with unchanged 
chloroacetamide. On stirring and rubbing crystallization rapidly com¬ 
pleted itself. The substance was filtered off, washed with ice water and 
dried. The powdered substance was leached out with dry acetone to 
remove chloroacetamide and then recrystallized from a small volume of 
hot water. It separated slowly as aggregates of prismatic needles in a 
yield of 18.5 g. When rapidly heated to 170° and then slowly the sub 
stance melts at 175-7° to a liquid filled with bubbles. It is quite soluble 
in cold water and very easily so on warming. It is also readily soluble 
in hot ethyl or methyl alcohol, or glacial acetic acid, but practically in¬ 
soluble in hot acetone. 

Subs, 0.1334 u 8 cc N (24 o°, 765 mm ) Subs, 0314b MgjAsjOj, 0.1783 
Calc, for CsHnCbNsAs N, 1022, As, 2733 Found N, 1023; As, 27.42 

2V-(Phenyl-3-arsonic acid)glycine methyl amide.—12 g. of chloro- 
acetyl -methylamine 2 yielded after one hour’s boiling a mixture from 
which the methyl 'amide separated slowly on cooling and scratching. 
On recrystallizing from hot water, in which it is readily soluble, it sepa¬ 
rated as aggregates of flat, microscopic needles or platelets. The yield 
was 13.8 g. The substance is sparingly soluble in cold water or 50% 
1 This Journal, 40, 1583 (1918). 

* Ibid,, 41, 472 (1919)- 
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alcohol, readily on wanning. When rapidly heated it darkens and melts 
at 193-4.5° with gas evolution. 

Subs., 0.1452: 12.45 cc. N (22.5°, 755 mm.). Subs., 0.3659: Mg 2 AsjOr, 0.1986. 

Calc, for C>HuO<N)As. N, 9.73; As, 26.00. Found N, 9.82; As, 26.21. 

(C) Derivatives of Aminotolylarsonic Acids. 

yV-(2-Methylphenyl-5-arsonic acid)glycineamide.—After one hour’s 
boiling the product from 4.6 g. of 3-amino-4-methylphenyl arsonic 
acid 1 and 3.8 g. of chloroacetamide slowly crystallized on cooling 
and acidifying with hydrochloric acid. Reprecipitated from am- 
moniacal solution by acetic acid it separates slowly as delicate, inter¬ 
laced needles which do not melt below 285°. It is sparingly soluble in 
water, alcohol or acetic acid in the cold, but readily on warming. Methyl 
alcohol dissolves the substance at room temperature. 

Subs., 0.1702. (Kjeldahl) n 65 cc o \ N HC 1 Subs , o 2520 MgjAssO?, 0.1347. 

Calc, for CsHnO^NjAs N, 9.73; As, 26.00. Found’ N, 959; As, 25 79. 

A T -(2-Methylphenyl-4-arsonic acid)glycineamide.—As in the preced¬ 
ing case 23 g. of r -amino-2-methyiphenyl-4-arsonic acid (from otolui- 
dine) and 19 g. of chloroacetamide yielded the glyeinamide. This was 
purified by solution in dil. ammonia and re-precipitation with acetic 
acid, separating as aggregates of glistening platelets which darken above 
250° and decompose at about 283°. The yield was 10 g. The substance 
is sparingly soluble in boiling water but more readily so in boiling 50% 
alcohol. 

Subs., o 1417. 12.00 cc. N (22.5°, 756 mm.). Subs., o 2619: MgsAsjO-, 0.1393. 

Calc for ChHijO.NjAs: N, 9.73; As, 2600. Found - N, 9.74; As, 25.67. 

N-( 3 Methylphenyl-4-arsonic acid)glycineamide.—This substance was 
prepared in similar manner from i-amino-3-methylphenyl-4-arsonic 
acid. 5 The amide is soluble in boiling water, from which it separates as 
lustrous, diamond-shaped platelets. It is also soluble in boiling 50% 
alcohol and melts at 203-5 ° with gas evolution. 

Subs., o 1384- 11.8 cc. N (21.0°, 757 mm.). Subs., 0.3120; MgjAsiCh, 0.1668. 

Calc, for C.Hi, 0 <NsAs: N, 9.73; As, 26.00. Found: N, 9.87; As, 25.81. 

Ar-(2,5-Dimethylphenyl-4-arsoruc acid)glycineamide. —2,5-Dimethyl-4- 

aminophenyl arsonic acid 3 dissolved in N sodium hydroxide solution was 
boiled for 45 minutes with 2 g. of chloroacetamide. On acidifying to 
Congo red with hydrochloric acid and cooling, the arsonic add crystallized. 
The crude product was dissolved in dil. ammonia, treated with boneblack, 
and the filtrate acidified with acetic add, the arsonic add separating 
slowly as aggregates of slightly brownish plates and prisms. When 
rapidly heated it melts and decomposes at 236-7 0 with preliminary dark- 

1 This Journal, 40, 1586 (1918). 

1 Ibid., 40, 1588 (1918). 

• Ibid., 40, 1590 (1918). 
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ening and softening. It is sparingly soluble in cold water, acetic arid, 
or 50% alcohol, but dissolves more easily in these solvents on boiling. 
Subs., 0.1644: (Kjeldahl) ro 9 cc. 0.1 A' HC 1 . Subs., 0.3224: MgjAsjOj, 0.1644. 
Calc, for CioHuCLNjAs: N, 9.27; As, 24.81. Found: N, 9.29; As, 24.61. 

Nbw York, N. Y. 
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On replacing the amides of cliloroaeetie acid by the ureide and its ft- 
alkyl or -aryl derivatives in the reaction described in the preceding paper, 
the ureides and substituted ureides of the arylglycine arsonic acids were 
obtained, 

NHCHjCONHCONHR 



As 0 3 Hj 

in which R may be hydrogen, an alkyl, or an aryl radical. 

When chloroacetyl-urea or its simpler / 3 -alkyl derivatives were employed 
the reaction could be accomplished by boiling in aqueous solution with 
the sodium salt of the aminoaryl arsonic acid. In the preparation of the 
d-arylureides of phenylglycine arsonic acid, however, involving the use 
of the very sparingly soluble chloroacetyl-substituted phenyl-ureas, the 
reaction proceeded most satisfactorily in 50% alcohol and only after 
sodium iodide had been added in order to cause the intermediate forma¬ 
tion of the more reactive iodoacetyl compounds. 

The new arsonic adds of this series resemble in their general properties 
the amides of the arylglycine arsonic acids, forming colorless crystalline 
compounds which are on the whole less soluble than the corresponding 
substances in the amide series. Like the latter they form stable and soluble 
neutral salts with the alkali metals. The ureide linkage, like that of 
the amides, is easily ruptured, this often occurring even at room tempera¬ 
ture in solutions containing excess fixed alkali. Therefore, it was found 
important to avoid undue exposure to such conditions during the manipu¬ 
lations employed for the preparation of the sodium salts or in the purifica¬ 
tion of the acids by solution in alkali and reprecipitation with adds. In 
the latter case the use of dil. ammonia avoided this danger. 

Of the numerous substances of this group which were prepared and 
studied the methylureide of AAphenylglycine-^-arsonic acid 
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NHCHjCONHCONHCH, 



AsOjHj 

has been of special interest since it li£s been found to exert a definite thera¬ 
peutic effect in experimental syphilis and trypanosomiasis in rabbits. 1 In¬ 
teresting biological results were also obtained with the ureide itself, al¬ 
though less striking than those given by the methyl derivative. The 
biological data will be published elsewhere by Drs. Brown and Pearce. 

EXPERIMENTAL. 

(A) Derivatives of p-Arsanilic Acid. 

A r - <Ph e ny 1 -4-ar s oni c acid)glycine-ureide, p-HjOaAsCeH-iNHCHjCO- 
NHCONH2.—44 g. of arsanilic acid, dissolved in 200 cc. of N sodium 
hydroxide solution, and 27 g. of chloroaeetyl-urea were boiled under a 
reflux condenser. After about 15 minutes the reaction product separated. 
The mixture was heated in a water bath for 3 / 4 of an hour longer, cooled, 
and treated with 50 cc. of cone, hydrochloric acid. The crude, washed 
ureide was dissolved in dil. ammonia and reprecipitated with acetic add, 
separating as aggregates of microscopic needles. It is sparingly soluble 
in boiling water or 50 alcohol and almost insoluble in methyl alcohol. 
When rapidly heated it sinters slightly above 230 0 and darkens, but does 
not melt Mow 280° 

Subs., 0 2959 (Kjeldabl) 27.7 cc. 0.1 A’ HC 1 ; MgjAsjOi, o 1445- 

Calc. for CsHuOsNjAs- N, 13.25; As, 23.62. Found: N, 13.12; As, 23.56. 

Sodium Salt. —The crude acid obtained above was suspended in a small 
volume of water and carefully treated with sodium hydroxide until solu¬ 
tion was complete and the reaction was neutral to litmus. Addition of 
too much alkali is to be avoided owing to the danger of hydrolysis. An 
equal volume of saturated sodium acetate solution was then added, the 
sodium salt of the arsonic acid separating as well defined hexagonal or 
diamond-shaped, microscopic platelets. After standing in the refrigerator, 
the salt was filtered off, washed with a little ice water, and recrystallized 
from a small volume of hot water. The air-dried salt contains two mole¬ 
cules of water of crystallization and is readily soluble in water. The 
yield was 30 g. An additional quantity of the arsonic acid was contained 
in the mother liquors. 

Subs., air-dry, 0.3724; loss, 0.0355 in vacuo at 100° over HjSOi- 
Calc, for CiHn0iNiAsNa.2Hs0: HiO, 9.60. Found; 9.53. 

Subs., anhydrous, 0.2968: (Kjeldahl) 25.8 cc. 0.1 N HC 1 ; MgjAsjOj, 0.1372. 

Calc, for CjHnOjNiAsNa: N, 12.39; As, 22.09. Found; N, 12.18; As, 22.31. 
Solutions of the sodium salt give precipitates with salts of the heavy 
metals. The silver salt forms colorless, microscopic needles. Magnesia 
1 Cf. footnote. This Journal, 41, 1388-9 (1919). 
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mixture does not precipitate the solution in the cold but the magnesium 
salt separates on boiling. 

JV-(Phenyl- 4 -arsonic acid) glycine-methylureide, />-H 2 0 :>AsCcH 4 NH- 
CH2CONHCONHCH3. —44 g. of arsanilic acid were dissolved in 200 
cc. of N sodium hydroxide solution hnd 30 g of a-ehlnroaeetyl-/ 3 -methyl 
urea added. The mixture was boiled for one hour, during which the spar¬ 
ingly soluble chloro compound gradually dissolved. The ureide crystal¬ 
lized on cooling, or in some cases during the heating, after which the mix¬ 
ture was acidified to Congo red with hydrochloric acid and filtered. The 
crude substance was dissolved m dil. ammonia and precipitated by 
acidifying the solution with acetic acid, but this did not always give satis¬ 
factory analytical figures. In order to obtain the acid pure it was con¬ 
verted into the sodium salt as described below and this dissolved in water 
and again acidified with acetic acid. The substance is sparingly soluble 
in hot water, separating on cooling as long, thin, glistening needles It 
is also difficultly soluble in boiling 50% alcohol and is practically in¬ 
soluble in the usual organic solvents. When rapidly heated to 220°, then 
slowly, it decomposes at 224-5 0 

Subs , o 1507 (Kjeldahl) 13 5 cc 01 N HC 1 Subs , o 3428. MgjAsiO , o 1590 
Calc for CinHuOsNtAs N, 12 69; As, 22 63 Found N, 12 54, As, 22 40 

Sodium Salt. —The acid was suspended in a small volume of hot water 
and carefully treated with sodium hydroxide until the solution reacted 
neutral to litmus, carefully avoiding an excess of alkali owing to the danger 
of saponification. After filtering and cooling the sodium salt slowly crys¬ 
tallized and after thorough chilling the salt was filtered off and washed 
with ice water It was recrvstallized from a small volume of water and 
air dried. The yield was 30 g. The sodium salt separates from water as 
microscopic platelets containing 7 molecules of water of crystallization, 
although slight impurities, or the conditions under which it is obtained, are 
apt to affect the water content. It is quite readily soluble in water, ex¬ 
ceptionally so on warming, and easily forms supersaturated solutions. 
The solution of the sodium salt is not precipitated by magnesia mixture 
in the cold, but yields a precipitate of the magnesium salt on boiling. 
Heavy metal salts cause insoluble precipitates, the silver salt separating 
as thin, microscopic platelets. 

Subs , air-dry, o 7551 loss, o 2013 tn vacuo at 100° over H3SO1 
Calc for CioHuOtNjAsNa 7 HjO H-O, 26 30 Found 26 66 
Subs , anhydrous, o 1438 15 o cc N (24 5°, 754 mm ) Subs , o 3041 MgjAsjO;, 
o 1346 

Calc, for C;i,H lt OsN,AsNa■ N, 11 89, As, 21 22 Found N, 12 04, As, 21 33 

IV-(Phenyl-4-arsonic acid)glycine-ethylureide, />-H 2 OsAsCeH4NHCH 2 - 
CONHCONHC2H6 —Treated as described in the case of the methyl- 
ureide, 3 3 g. of a-chloroacetyl-/ 3 -ethyl-urea 1 yielded 4.5 g. of the ethyl- 
1 This Journal, 41, 473 (1919). 
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ureide arsonic acid. The substance is precipitated from the hot solution 
of its sodium salt (see below) by acetic acid as plumes of microscopic 
needles which are very difficultly soluble in hot water or methyl alcohol 
but more readily so in 50% alcohol. When rapidly heated to 220°, then 
slowly, it decomposes at 223-5 °. 

Subs., 0.1415: 15.0 cc. N (26.5", 757 mm.). 

Calc, for CnHieOiNaAs: N, 12.17. Found: 12.03. 

Sodium Salt .—An exactly neutral solution of the acid in a small volume 
of sodium hydroxide solution was treated with several volumes of alcohol. 
On scratching the salt rapidly separated as a paste of thin, microscopic 
platelets which were recrystallized from hot 85'’/) alcohol and air dried. 
As so obtained the salt contained approximately 4.5 molecules of water 
of crystallization and dissolved readily in water. 

Subs , air-dry, 1.0813: loss, 0.1892 in vacuo at 100“ over HjSO.. 

Calc, for CiiHnOtN|AsNa.4.5H)0: HjO, 18.08. Found: 1750. 

Subs., anhydrous, 02950- (Kjeldahl) 23.7 cc. o 1 N HC 1 ; Mg»AsjO;, 0.1235. 

Calc, for CuHuOiNtAsNa: N. 11.45; As, 20.42. Found: N, 11.26; As, 20.21. 

A-(Phenyl-4-arsonic acidjglycine-benzylureide, p-HjChAsGsI^NHCH.- 
CONHCON HCH 2 C<iH G .—4.4 g. of arsanilic acid were dissolved in 20 cc. 
of N sodium hydroxide solution and 4.6 g. of a-chloroacetyl-0-benzyl 
urea 1 and 20 cc. of alcohol were added. After 3 hours’ boiling, solution 
was complete and the mixture was chilled, diluted with water, and treated 
with a slight excess of ammonia. Some insoluble material was filtered 
off and the filtrate acidified with acetic acid, the benzvlureide separating 
at once. For purification it was again dissolved in dil. ammonia and pre¬ 
cipitated by acetic acid. The yield was 2.5 g. Recrystallized from 50% 
alcohol the acid separated as rosets of delicate needles which, when rapidly 
heated to 220 0 and then slowly, decompose at 225 °. It is sparingly soluble 
in boiling water and practically insoluble in methyl alcohol. 

Subs., 0.3184: (Kjeldahl) 23.6 cc. o«i N HC 1 ; MgjAs, 0 -. 0.1205 

Calc, for CuHuOiNjAs: N, 10.32; As, 1839. Found: N, 10.38; As, 18.26. 

a-N- (Phenyl-4-arsonic acid)aminopropionyl-urea, p -H 2 0 3 AsC 6 H 4 N H- 
CH(CH3)CONHCONH2-—8.8 g. of arsanilic add dissolved in 40 cc. of 
N sodium hydroxide solution, and 8 g. of a-bromopropionyl-urea were 
boiled for one hour. The urea gradually dissolved and the arsonic add 
rapidly crystallized on cooling, after which the mixture was treated with 
20 cc. of 10% hydrochloric acid and filtered. The resulting substance 
was repredpitated from its ammoniacal solution by acetic add in a yield 
of 7 g. Recrystallized from 50% alcohol it forms aggregates of minute 
needles which are sparingly soluble in water and methyl alcohol. When 
rapidly heated to 220°, then slowly, it decomposes at 225-6°. 

Subs., 0.1512: 16.7 cc. N (28.0°, 761 mm.). Subs., 0.3142: MgjAsjCb, 0.1475. 

Calc, for CioHuOtNtAs: N, 12.69; As, 22.63. Found: N, 12.55; As, 22.65. 

1 J. Biol. Chem., at, 152 (1915). 
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N-(Phenyl-4-arsonic acid)glycine-phenylureide, p-HsCbAsCeHiNH- 
CHoCONHCONHCsHs.—4.4 g. of arsanilic acid were dissolved in 20 ce. 
of N sodium hydroxide solution and 4.4 g. of chloroacetyl-phenyl-urea, 4 g. 
of sodium iodide, and 40 ec. of alcohol were added. After 4 hours’ boiling 
the reaction product was filtered off and dissolved in dil. ammonia. The 
filtered solution was heated and then treated with an excess of acetic acid, 
causing the separation of the arsonic acid as feathery aggregates of silky 
hairs. When rapidly heated to 280° the acid darkens slightly and then 
melts. It is appreciably soluble in boiling 50% alcohol, separating on 
cooling as long, fine needles, and is almost insoluble in boiling water or 
methyl alcohol. 

Subs., o 1422: 13.25 cc, N (19.o°, 749 mm.). 

Calc, for CisHuOiNjAs: N, 10.69. Found: 10.73. 

Sodium Salt. —The acid was suspended in a small amount of hot water 
and carefully treated with sodium hydroxide solution until just dissolved. 
The sodium salt separated on cooling as lustrous leaflets. The crystalliza¬ 
tion was aided by the addition of saturated sodium acetate solution. 
After filtration and washing with ice water the salt was recrystallized from 
50% alcohol, separating on cooling as flat needles containing 5 molecules 
of water of crystallization. 

Subs., air-dry. 0.9424: loss, 0.1701 in vacuo at ioo° over H 2 SO,. 

Calc, for CnHuOtNiAsNa.sHjO. HjO, 17 83. Found. 1805 

Subs., anhydrous, 0.3318: (Kjeldahl) 23.9 cc. 0.1 N HC 1 ; MgsAs.O:, 0.1251. 

Calc, for CisHnOiNjAsNa. N, 10 13; As, 18.06. Found. N, 1009; As, 18.20. 

AT-(Phenyl-4-arsonic acid)glycine-4'-acetamino-phenylureide, p- 
H 2 0 3 AsC 6 H*NHCH 2 C 0 NHC 0 NHC 6 HiNHC 0 CH,(p-).~ 0 n boiling 4.4 
g. of arsanilic acid dissolved in 20 cc. of N sodium hydroxide solution and 
20 cc. of alcohol with 5.4 g. of p-acetaminophenyl-ehloroacetyl-urea 1 and 
4 g. of sodium iodide the sparingly soluble halide was gradually replaced 
by the reaction product. After 4 hou^s the solid was almost completely 
soluble in dil. ammonia, and was then filtered off, dissolved in hot dil. 
ammonia and precipitated from the hot solution by acetic acid. The 
arsonic acid separated quickly in clusters of flat, microscopic needles 
which sinter and darken above 240° when rapidly heated and decompose 
at 265-6°. The acid is almost insoluble in boiling water but is appreciably 
soluble in hot 50% alcohol, separating on cooling as plumes of long, delicate 
hairs. 

Subs., 0.1654 (Kjeldahl) 14.65 cc. 0.1 If HC 1 . 

Calc, for CrrHitOsNiAs. N, 12.44. Found: 12.41. 

Sodium Salt. —A concentrated neutral solution of the acid in dil. sodium 
hydroxide was salted out by the addition of saturated sodium acetate 
solution and recrystallized from a small volume of boiling water to which 
a few drops of sodium carbonate solution were added in order to prevent 
1 This Journal, 39 , M55 (1917)- 
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the slight hydrolysis of the salt and separation of the acid which other¬ 
wise occurred in the hot solution. The salt separated on chilling as woolly 
masses of flat needles which contained 5 molecules of water of crystalliza¬ 
tion. 

Subs., air-dry, o 6962 loss, o 1114 1 n vacuo at ioo° over HjSCh 

Calc, for CnHjsOaNiAsNa 5H2O HjO, 16 02 Found 16 00 

Subs., anhydrous, 03165 (Kjeldahl) 26 7 cc o 1 N HC 1 , MgjAsiOj, o 1028. 

Calc, for Ci-HmOtNiAsNa N, 11 87, As, 15 88 Found N, 11 82; As, 15.68. 

A r - (Phenyl - 4 - arsonic acid)glycine - 3' - oryamylamino-phenylureide, 

p-H s OjAsC«H 4 NHCH 2 CONHCONHC 6 H ( NHCOCONH 2 (w ). — 4.4 g. of 
arsanilic acid were dissolved in 20 cc. of A sodium hydroxide solution 
and 40 cc. of alcohol and boiled with 4.4 g. of sodium iodide and 6.2 g. 
of m-chloroacetyl-uramino-oxanilamide, 1 the sparingly soluble halide 
being gradually replaced by the reaction product. After 6 hours the solid 
was filtered off and digested with dil. ammonia. The filtrate from the un¬ 
dissolved material was diluted to 500 cc, heated on the water bath, and 
treated with an excess of acetic acid. Precipitated in this manner from the 
hot solution the arsonic acid separated as a micro-crystalline powder 
which was easily filtered. The yield was 1 3 g. Although almost in¬ 
soluble in boiling water the acid dissolves appreciably in hot 50% alcohol. 
When rapidly heated it decomposes at 223-4 0 . 

Subs , o 1172- 15 2 cc N (23 5 °, 747 mm ) Subs , o 2563 MgjAsjO-, 0.0819. 

Calc, for CnHi »0 NtAs N, 1462, As, 1564 Found N, 1468, As, 15.42. 

A-(Phenyl-4-arsonic acid)glycine-4'-hydroxyphenylureide, /?-H 3 OjAs- 
C,H 4 N HCHjCONHCON HCcHiOH(p-) —Because of our inability to 
prepare satisfactorily p-hydroxyphenvl-chloroacetyl-urea the arsonic acid 
was obtained by using the acetate of this substance. 2 2 g. of arsanilic 
acid were dissolved in 10 cc. of N sodium hydroxide solution and boiled 
for 2 hours with 2.7 g. of p-acetoxyphenyl-chloroacetyl-urea, 2 2 g. of so¬ 
dium iodide and 20 cc. of alcohol. On cooling the mixture set to a crys¬ 
talline cake which was disintegrated, filtered, and washed with 50% 
alcohol. This product, in w'hich the acetoxy group was presumably still 
intact, was dissolved in cold, dil. sodium hydroxide solution, making 
definitely alkaline to phenolphthalein in order to saponify the ester group. 
The solution was immediately filtered and exactly neutralized with acetic 
acid, for if allowed to stand too long in alkaline solution the glycylurea 
grouping is apt to be hydrolyzed as well, giving phenylglycine arsonic add. 
From this solution the sodium salt described below was obtained. The 
add itself was obtained by dissolving the sodium salts in hot water and 
treating with an excess of acetic add, separating at once as microscopic 
needles containing 1.5 molecules of water of crystallization. The an- 

1 This Jourrai., 39, 1453 (1917). 

* Ibid ., 39, 2441 (1917)- 
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hydrous substance darkens above 200 0 and sinters and chars at about 
250° when rapidly heated, but does not melt up to 280°. 

Subs, air-dry, o 1851 loss, 00113 m vacuo at 100° over HjSCL 
Calc for CuHuOcNjAs 1 5H1O H, 0 , 6 20 Found 6.10 
Subs , anhydrous, o 1726 (Kjeldahl) 12 80 cc o 1 A 7 HC 1 
Calc for CiiHitOfrNjAs N, 10 27 Found' 1038 

Sodium Salt. —This was obtained from the solution described above, 
crystallization being facilitated by the addition of saturated sodium 
acetate solution. The salt separated as nacreous plates, in a yield of only 
1.3 g., owing possibly to the destruction of the substance during the saponi¬ 
fication of the acetyl group When recrystallized from 50% alcohol the 
salt separates as glistening leaflets containing from 4 to 4 5 molecules of 
water of crystallization It is fairly readily soluble in water, particularly 
on warming 

Subs, air-dry, o 3698 loss, o 0560 m uicuo at 100 0 over HjSCL 

Calc for CiiHisO«N a AsNa 4 5H2O H 2 0 , 1381 Found 1314 

Subs, anhydrous, o 2937, (Kjeldahl) 20 5 cc 01 N HC 1 , MgjAsjOi, o 1065 

Calc for CuHuOsNjAsNa N, 975, As, 1739 Found N, 978, As, 1751. 

./V-(Phenyl-4-arsonic acid)glycyl-4-uramino-phenoxyacetamide, p- 

H 2 0 3 AsC6H 4 NHCH 2 CONHCONHC 6 H 4 OCH 2 CONH2(p-) —In this case, 
using p-chloroaeetyluramino phenoxyacetamide' as starting material 
the reaction mixture behaved as in the preceding examples After 4 
to 5 hours’ boiling the mixture was diluted with water, filtered, and the 
solid suspended in water and treated carefully with dil sodium hydroxide 
solution until just alkaline to litmus. The filtrate was exactly neutralized 
with acetic acid and the sodium salt thrown out by the addition of sodium 
acetate, filtered off, and washed with 20% sodium acetate solution, then 
with 85% alcohol. Recrystallized from 50',/r alcohol it separated as ag¬ 
gregates of slightly purplish plates which were practically anhydrous. 
The salt is fairly readily soluble in water, especially on warming. 

Subs, o 2959 (Kjelddhl) 24 95 cc o 1 JV HC 1 , Mg 2 As!C>7, o 0929 

Calc, for CuHisOiNjAsNa N, 11 48, As, 15 36 Found N, 11.81; As, 15,16 

On adding acetic acid to a dilute solution of the sodium salt the arsomc 
acid separates slowly as glistening, diamond-shaped platelets which are 
almost insoluble in boiling water or boiling 50% alcohol. When rapidly 
heated it decomposes at 243-4 0 with preliminary sintering and darkening. 
Subs , o 1546 16 05 cc N (16 5°, 753 mm ) 

Calc for CijHi« 0 ;N<As N, 12 02 Found 12 13 

N- (Phenyl-4-arsonic acid)glycyl-3-uramino-benzamide, p-HjO*AsC«- 
H4NHCH2CONHCONHCoH4CONH2(wi-).—I n the preparation of this sub¬ 
stance the sparingly soluble m-chloroacetyluramino-benzamide 2 rapidly dis- 
1 This Journal, 39, 2439 (1917) 

1 IM , 39, 2437 (1917)- 
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solved as the reaction progressed, and the new arsonic acid soon separated. 
After 2 hours’ boiling the solid was dissolved in dil. ammonia, the filtrate 
diluted to several hundred cc., heated, and then acidified with acetic acid. 
The arsonic acid separated as a rather voluminous, micro-crystalline powder. 

4.2 g. were obtained from 5.2 g. of halide. It is very sparingly soluble 
in boiling water, but somewhat more soluble in boiling 50% alcohol, 
from which it separates as sheaves of fiat, microscopic needles. When 
rapidly heated it melts at 213-4 0 with effervescence and darkening. 

Subs , o 1508 [7.0 cc. N (22 5°. 757 mm ). Subs, 03042: MgjAs^O?, 0.1066. 

Calc for Ci(H i; 0 «NtAs N, 1284; As, 17.18. Found N, 12.97; As, 16.92. 

.V- (Phenyl-4-arsonic acid)glycyl-4-uramino-benzamide.— Starting with 

5.2 g. of /J-chloroacetyluramino-benzamide 1 the reaction mixture was 
boiled for 5 hours. The product obtained was dissolved in dil. ammonia, 
and the filtrate heated and acidified with acetic acid, the arsonic acid sep¬ 
arating as short, microscopic needles. It was further purified by re¬ 
dissolving in dil. ammonia and reprecipitating with acetic acid. The 
yield was 3.1 g. When rapidly heated the substance darkens above 230° 
and decomposes at 245 °. 

Subs, 03288 (Kjeldahl) 2985 cc 01 N HC 1 , Mg 2 AsjO-, 01160 

Calc for CisHuOtNiAs N, 1284, As, 17.18 Found- N, 1272, As, 17.03 

N- (Phenyl - 4 - arsonic acid) glycyl-3-uramino-phenylacetamide, p- 
H s O ! AsC 6 HiNHCH 2 CONHCONIIC6H 4 CH.CONH 2 (mi-).—I n this case the 
reaction mixture, containing 10.8 g. of w-chloroacetyluramino-phenyl- 
acetamide, 1 was boiled for 3 hours. On cooling and scratching the ar¬ 
sonic acid separated from the clear solution as a thick, crystalline mass. 
After filtering, the crude product was dissolved in dil. ammonia and the 
filtrate treated with acetic acid, the substance gradually separating as 
a thick mass of needles in a yield of 9.5 g. The arsonic acid is soluble in 
hot water from which it separates as felted needles. It is also soluble in 
5 °% alcohol and, when rapidly heated, decomposes at 214-6°. 

Subs., o 1460 15.9 cc N (23 o', 754 mm.). Subs., 0.3102 MgjAssO;, 0.1055. 

Calc for Ci-Hi# 0 (N*As. N, 12.45; As, 1665 Found N, 1247; As, 16.42. 

A r -(Phenyl-4-arsonic acid)glycyl-4-uraminophenyl acetamide.— The re¬ 
action mixture, containing 8.1 g. of p-chloroaeelyluramino-phenylaeet- 
amide 2 yielded a clear solution after 2 hours’ boiling. At the end of 4 
hours the solution was cooled and the precipitated solid dissolved by the 
careful addition of dil. sodium hydroxide solution. After filtering and ex¬ 
actly neutralizing with acetic acid the sodium salt was salted out with 
sodium acetate, filtered off, washed with 85% alcohol, dissolved in a small 
volume of warm water and treated with an equal volume of alcohol. 
The sodium salt separated as microscopic, hexagonal platelets containing 

1 This Journal, 39, 2438 (1917). 

1 Ibid., 39, 2439 (1917)- 
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about 2.5 molecules of water of crystallization. The yield of the air- 
dry salt was 4.5 g. 

Sabs., air-dry, 0.3606: loss, 0.0330 in vacuo at 100° over H,SO,. 

Calc, for C 17 H>ii06N*AsNa.2.5Hs0: H a 0, 8.71. Found: 9.13. 

Subs., anhydrous, 0.1213: 12.8 cc. N (27.0°, 764 mm.). Subs., 0.2059: MgjAsjOj, 
0.0667. 

Calc, for Ci;Hi 80 oN«AsNa: N, 11.87; As, 15.88. Found: N, 12.08; As, 15.64. 

On adding acetic acid to the hot solution of the sodium salt the arsonic 
acid separated slowly as plumes of delicate needles containing one mole¬ 
cule of water of crystallization. It is very sparingly soluble in boiling 
water but more readily so in boiling 50% alcohol. The anhydrous sub¬ 
stance decomposes at 218-21 0 when rapidly heated. 

Subs., air-dry, 0.6892: loss, 0.0255 vacuo at ioo° over H ; SO ( . 

Calc, for CnHuOeNjAs.HjO: HiO, 3.85. Found- 3.70. 

Subs., anhydrous, 0.1485: (Kjeldahl) 13.2 cc. 0.1 N HCI. 

Calc, for CivHhObNiAs- N, 12.45. Found: 12.44. 

(B) Derivatives of o-Arsanilic Acid. 

A/-(Phenyl-2-arsonic acid) glycine-ureide.—4.4 g. of o-arsanilic acid 1 
were dissolved in 20 cc. of N sodium hydroxide solution and boiled ‘/s 
hour with 2.7 g. of chloroacetyl-urea, the new arsonic acid precipitating 
after 7 to 8 minutes. The mixture was cooled, acidified to congo red, 
filtered, and the solid suspended in a little water, treated with an excess 
of ammonia, and the solution treated with boneblack and filtered. The 
pale yellow filtrate, heated to boiling and acidified strongly with acetic 
acid, deposited the ureide as plumes of minute, delicate needles which are 
almost insoluble in the usual neutral solvents. The yield was 2.5 g. 
When rapidly heated to 230 then slowly, it melts and decomposes at 
231-2 0 with preliminary softening and yellowing. 

Subs.,0.1535: (Kjeldahl) 14.4CC.0.1 JV’HCl. Subs., 0.3396: Mg 2 As70 ; , 0.1647. 

Calc, for C 9 HiiOiNjAs: N, 13.25; As, 23.62. Found: N, 13.14; As, 23.41. 

Af-(Phenyl-2-arsonic acid)-glycine-methylureide.—A solution of 4.4 
g. of o-arsanilic acid in 20 cc. of N aqueous sodium hydroxide solution was 
boiled 50 minutes with 3.1 g. of a-chloroacetyl-|S-methyl-urea, the latter 
gradually dissolving and the mixture finally setting to an almost solid 
cake, being then transferred to the water bath and heated l /j hour longer. 
After reprecipitation from dil. ammonia in the usual manner, 2.1 g. of the 
arsonic acid were obtained as balls of minute needles which are very 
sparingly soluble in boiling water, alcohol, or methyl alcohol, but dissolve 
in boiling acetic acid. When rapidly heated to 215 0 , then slowly, the 
add melts and decomposes at 218° with slight prdiminary softening and 
darkening. 

Subs.,0.1642: (Kjeldahl) 15.05cc.0.1 N HD. Subs.,0.3248:MgtAsiOj,0.1507. 

Calc, for CioHuOjNiAs: N, 12.69; As, 22.63. Found: N, 12.84; As, 22.40. 

1 This Journal, 40, 1583 (1918). 
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(C) Derivatives of m-Arsanilic Acid. 

N- (Phenyl-3-ar sonic acidjglycine-ureide.—This substance was pre¬ 
pared and purified by the method of the preceding experiment, from 4.4 
g. of m-arsanibc acid, 1 separating gradually as colorless microscopic needles 
frequently grouped in bundles. The yield was 2.5 g. It is soluble in 
boiling water and boiling 50% alcohol and separates from the former in 
rosets of minute needles. It decomposes at 208-9° with preliminary 
softening. 

Subs., 0.1494: 17.2 cc. N (27.0 0 , 758 mm.). Subs., 0.3038: MgjAsjO;, 0.150J. 

Calc, for C*H u OsNjAs: N, 13.25; As, 23.62. Found: N, 13.08; As, 23.84. 

N-(Phenyl-3-arsonic acid)glycine-methylureide.—Using 17.5 g. of 
m-arsanilic acid and 13 g. of a-chloroacetyl-/ 3 -methyl-urea in the usual 
manner, the substance suddenly separated after ‘/ 2 hour. 80 cc. 
of N hydrochloric acid solution were added on cooling and the pre¬ 
cipitate filtered off and washed with water. The yield was 19 g. Re¬ 
crystallized as in the preceding examples, the acid melts with decomposi¬ 
tion at 213-3.5° when rapidly heated. It is rather sparingly soluble in 
boiling water or 50% alcohol, separating from the former as rosets of deli¬ 
cate needles. 

Subs., 0.1460: 16.1 cc N (23.5°. 750 mm ). Subs., 0.3273: MgjAsjO,, 0.1493. 

Calc, for CioHuChNjAs: N, 12.69; As, 22.63. Found: N, 12.54; As, 22.01. 

(D) Derivatives of Substituted Arsanilic Acids. 

N-(3-Methylphenyl-4-arsonic acid)glycine-uielde.—16.2 g. of 3-methyl- 
4-aminophenyl arsonic acid (from o-toluidine), were dissolved in 70 cc. of 
N sodium hydroxide solution and boiled with 9.5 g. of chloroacetyl-urea. 
After Vs hour the mixture suddenly crystallized and was cooled, treated 
with 25 cc. of 10% hydrochloric acid, filtered, and washed. The add was 
dissolved in dil. ammonia, and the solution heated and acidified with acetic 
acid, causing the separation of the ureide as delicate needles. The yidd 
was 11 g. The substance is sparingly soluble in boiling water or boiling 
50% alcohol, and decomposes at about 235 ° when rapidly heated. 

Subs., o 1392: 15.5 cc. N (22.5°, 756 mm.). Subs., 0.3327: MgjAsjOj, 0.1544. 

Calc, for CjoHuOsNiAs: N, 12.69; As, 22.63. Found: N, 12.80; As, 22.40. 

Sodium Salt. —The add was suspended in a small volume of water and 
sodium hydroxide solution carefully added until solution was complete 
and the reaction was faintly alkaline to litmus. On warming the solu¬ 
tion and adding 2 volumes of alcohol the sodium salt separated as glis¬ 
tening plates containing 2 molecules of water of crystallization. When 
* recrystallized from a small volume of hot water it also separates as the 
same hydrate. 

Subs., air-dry, 0.5114: loss, 0.0460 in vacuo at 100' over HjSCb. 

Calc, for CioHuO*N»AsNa.2H»0: HsO, 9.26. Found: 9.00. 

1 This Journal, 40, 1583 (1918). 
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Subs., anhydrous, 0.1132: 11.4 cc. N (20.0°, 758 mm.). Subs., 0.2586: MgiAstO?, 
0.1123. 

Calc, for CioHuOsNjAsNa: N, 11.90; As, 21.22. Found. 11.71; As, 20.96. 

Af-(3-Methylphenyl-4-arsonic acid)glycine-methylureide .—After one 
hour 23 g. of 3-methyl-4-aminopheny] arsonic acid as the sodium salt 
and 15 g. of a-chloroacetyl-/ 3 -methyl-urea yielded a solution which set 
to a thick, crystalline mass on cooling. This was diluted with water and 
treated with 40 cc. of 10% hydrochloric acid. Reprecipitated from hot 
dil. ammoniacal solution with acetic acid, the yield was 12 g. The sub¬ 
stance is sparingly soluble in hot water but dissolves in boiling 50% al¬ 
cohol. It separates from the former as hair-like needles and from the 
latter as radiating masses of minute needles. When rapidly heated it 
decomposes at 218-9°. 

Subs., 0.1326: 14.0 cc. N (24 5 0 , 756 mm.). Subs., 0.3418 Mg 2 As 2 0 -, o 1523. 

Calc, for CuHuOjNjAs- N, 12.17, As, 21 72. Found: N, 1207; As, 21 52. 

AT-(2-Hydroxyphenyl-5-arsonic acid)glycine-ureide. —On boiling a solu¬ 
tion of 3.8 g. of 3-amino-4-hydroxyphenyl arsonic acid’ in 16.5 cc. of 
N sodium hydroxide solution with 4.4 g. of ehloroacetyl-urea it suddenly 
set to a solid, crystalline cake. After another hour on the water bath 
water was added and the crystalline mass disintegrated and filtered. 
Reprecipitated from solution in hot, dil. ammonia with acetic add, the 
substance separated as flat, minute, almost colorless, glistening needles 
which contained between 1 and 1.5 molecules of water of crystallization. 
The yield was 3.3 g. When anhydrous it decomposes at 203-5 °. 

Subs., air-dry, 0.4214: loss, 0.0257 «'* vacuo at 100° over JhSO*. 

Calc, for C 2 HuOjNiAs.HjO. H 2 0 , 5.13. Found 1 6.10 

Subs., anhydrous, o 2946: (Kjeldalil) 26.65 cc. o 1 A HC 1 ; Mg 2 As 2 Oi, o 1380. 

Calc, for CsHi 2 0 «NjAs: N, 12.62; As, 22.50. Found N, 12 68; As, 22 61 

Naw York. N Y 
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AROMATIC ARSENIC COMPOUNDS. IV. 

AROMATIC AMIDES OF A’-ARYLGLYCINE ARSONIC ACIDS. 

Walter A. Jacobs and Michael Heidelbergeb. 

Received July 2 , 1919 

In continuation of the studies described in the preceding papers of this 
series, 2 we have prepared the arylamides and substituted arylamides 
of the arylglydne arsonic acids possessing the following general formula: 

NHCHjCONH 



' This Journal, *o, 1590 (1918). 

* Ibid., 41, 1581, 1587, 1600 (1919). 
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a series of compounds with such extensive synthetic possibilities as to 
afford a very fertile ground for chemotherapeutic researches.’ 

Like the alkylamides and ureides these substances were readily ob¬ 
tained by the interaction of the sodium salt of the aminoaryl arsonic 
acid with the aromatic chloroacetylamino compound, according to the 
reaction NaH 0 3 AsC«H 4 NH 2 + ClCH 2 CONHAr —»- H 2 0 3 AsC fl H ( NHCHj- 
CONHAr + NaCl. In the case of the chloroacetyl derivatives of the 
simpler amines or of their halogen, nitro, acylamino, carboxamide, 
carboxureide, or sulfonamide derivatives, the reaction was best accom¬ 
plished in 50% alcoholic solution in the presence of sodium iodide, the 
latter causing the intermediate formation of the more reactive iodoacetyl 
compounds. However, where chloroacetylamino acids or the simpler 
chloroacetyl-aminophenols were employed the condensation could be car¬ 
ried out rapidly in aqueous solution without the use of sodium iodide. In 
such cases, one-half to one hour’s boiling usually sufficed for complete 
reaction owing to the great lability of the' chlorine in these compounds, 
whereas the chlorine in the first mentioned substances is far more stable. 
On boiling the chloroacetylamino acids or phenols with aqueous alkali or 
salts of weak acids a copious liberation of chlorine ion may quickly be 
obtained, whereas such a result can be obtained with the chloroacetyl 
compounds of other aromatic amines only through much more vigorous 
treatment. 

In some instances the great reactivity of these chloroacetyl com¬ 
pounds produced complications, since the sodium arsanilate functioned 
rather as a salt of a weak acid and removed the chlorine before much 
opportunity for condensation with the amino group was afforded. This 
difficulty was overcome in the case of chloroacetyl-anthranilic acid by the 
use of its ethyl ester and subsequent saponification of the resulting ester 
arsonic acid. It was also found necessary to adopt a similar procedure 
in the case of ehloroacetyl-methylanthranilic acid. A similar difficulty 
was encountered in using o-chloroacetylamino-phenol for the preparation 
of the o-hydroxyanilides, on account of the readiness with which it under¬ 
goes ortho condensation in the presence of salts of weak acids to form the 
anhydride of o-amino-phenoxy acetic acid. This reaction preponderated 
particularly with 0- and p-arsanilic acids and only poor yields of the de¬ 
sired glycine compounds were obtained. The yields were greatly im¬ 
proved, however, by employing two molecules of arsanilic add itself 
instead of the sodium salt, the formation of o-amino-phenoxyacetic 
anhydride being almost completely suppressed. 

The reaction with o-chloroacetylamino-phenol also afforded an inter¬ 
esting opportunity to note the differences in reactivity between m-arsanilic 
1 Cf. footnote, This Journal, 41, 1588-9 (1919). 
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acid on the one hand and the o- and p-adds on the other. It has been our 
experience that amines with negative substituents such as m-nitraniline 
react more readily with halogen-acetyl compounds than do the o- and 
p-isomers. In the reaction between sodium m-arsanilate and o-chloro- 
acetylamino-phenol the tendency toward glycine formation was such as to 
proceed at a more rapid rate than the formation of o-amino-phenoxy- 
acetic anhydride, so that the yield of the o-hydroxyanilide was much 
greater and that of the by-product much smaller than in the case of the 
isomeric arsanilic acids. It is probable that a comparative study of the 
reactivity of the aminophenyl * arsonic acids with other halogen-acetyl 
compounds would yield a similar result. Such experiments involving 
velocity measurements were, however, beyond the scope of the present 
studies. 

Special attention has been given in the present work to a study of the 
hydroxyanilides of the arylglycine arsonic acids, since reduction converts 
them into a group of arseno compounds which yield water-soluble alkali 
phenolates. These trivalent arsenicals have been the subject of interesting 
biological investigations and since both the chemical and biological studies 
with such compounds are still in progress, their description will be left 
to later communications. 

As derivatives of the phenylglycine arsonic acids, the substances herein 
described function both as acids and bases. As adds they are easily 
displaced from their salts by acetic add, except in those cases in which the 
arylamide nucleus is substituted by other add groups, in which case 
either a mineral acid or a large excess of acetic acid is required. The 
feeble basic properties due to the imino group are typified by the forma¬ 
tion of hydrochlorides only in the presence of relatively strong hydro¬ 
chloric add. As secondary amines they also yield nitroso derivatives. 
The amide linkage renders the glycineanilides susceptible to hydrolysis 
on boiling with mineral acids or alkalies, but they seem somewhat more 
stable toward the action of alkali than the corresponding aliphatic 
amides. 

As a rule the free arsonic adds do not possess sharp melting or decom¬ 
position points, the values obtained depending greatly upon the rate of 
heating. They are on the whole but sparingly soluble in the usual solvents. 
The sodium salts, on the other hand, dissolve more or less readily in water 
depending upon the nature and position of the substituting groups and 
are often salted out by sodium chloride or acetate. For the convenience 
of biological testing the sodium salts were prepared in many cases, al¬ 
though this was also found a convenient means for the purification of 
individual compounds. 
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EXPERIMENTAL. 

(A) Derivatives of p-Arsanilic Acid, 

N - (Phenyl - 4 - arsonic Acid)glycineanilide, p-H? 0 .iAsCeH 1 NHCH 2 - 
CONHC 6 H s .—This substance can be prepared by the two methods al¬ 
ready described in the preparation of the amide of phenylglydne-p- 
arsonic acid;* viz., by the reaction of sodium arsanilate with chloro- 
acetanilide or by that of phenyl-(4-arsonic acid)-glycine methyl ester 
•with aniline itself. Both the speed and yield of the first reaction are 
much improved either by replacing the chloro compound by the iodo- 
aeetyl derivative or by adding sodium iodide to the reaction mixture. 

22 g. of arsanilic acid were dissolved in 100 cc. of N sodium hydroxide 
solution. To this were added 17 g. of chloroacetanilide, 1 20 g. of sodium 
iodide, and 100 cc. of alcohol and the mixture was boiled for two hours. 
During the heating the reaction product suddenly separated. After 
cooling the substance was filtered off, washed with 50% alcohol and re¬ 
dissolved in dil. ammonia. On reprecipitating the hot solution with an 
excess of acetic add, the arsonic acid separated in easily filterable form 
in a yield of 25 g. Recrystallized from 50% alcohol it separates as minute, 
delicate needles which do not melt below 285° when rapidly heated. 
As a secondary amine it reacts with nitrous acid, giving the nitroso deriva¬ 
tive described below. The substance is practically insoluble in the cold 
in the usual organic solvents, but is appreciably dissolved by a large 
volume of hot methyl or ethyl alcohol or glacial acetic acid. It is in¬ 
soluble in cold dil. hydrochloric acid, but on warming it dissolves, forming 
the hydrochloride, which separates on cooling. 

Subs., 0.1308: 905 cc. N (22.0 0 , 763 mm.). Subs., 04164: MgiAsjCb, 0.1828. 

Calc, for C u Hi s O,N,As N, 8.00; As, 21.39. Found' N, 804; As, 21.18 

The substance was also prepared as follows: 6 g. of (phenyl-4-arsonic 
acid)-glycine methyl ester 5 and 12 g. of aniline were treated with 20 cc. 
of methyl alcohol and heated on the water bath until solution was com¬ 
plete. The alcohol was then allowed to boil off and after several hours' 
heating the melt began to crystallize. The residue was finally taken up 
in dil. sodium hydroxide solution, and made definitely alkaline to phenol- 
phthalein to saponify any unchanged ester. The filtered solution was then 
acidified with acetic acid and on scratching the arsonic add separated 
and was purified as above described. The substance so obtained agreed 
in all of its properties with that obtained by the alternative method. 

Subs., 0.1549 10.6 cc. N (24.5 0 , 754 mm.). 

Calc, for Ci<HuOiN,As. N, 8.00. Found: 7.79. 

Sodtum Salt .—On dissolving the arsonic add in dil. sodium hydroxide 

’ This Journal, 41,1589 (1919). 

'Ibid., 39, 1441 (1917). 

• Ibid., 41, 1590 (1919), 
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solution until faintly alkaline to litmus and adding an equal volume of 
saturated sodium acetate solution, the sodium salt separated as glistening 
scales. After filtering and washing with 20% sodium acetate solution, 
and then with 85% alcohol, it was air-dried. The salt contained 4 mole¬ 
cules of water of crystallization. It is freely soluble in water and its 
dilute solutions do not give immediate precipitates with calcium or barium 
salts. With magnesia mixture a precipitate is formed only on heating, 
while heavy metal salts give insoluble precipitates at once. 

Subs , air-dry, o 9416' Loss, o 1553 in vacuo at 100“ over HiSO*. 

Calc, for C,,H„(),N 5 A' ! Na.4H,0: HjO, 16.22. Found 16.49. 

Subs., anhydrous, o 1709' 11.4 cc. N (21.0 0 , 754 mm.). 

Calc, for CuHnOiN 2 AsNa' N, 7.S3. Found: 7.69. 

Nitroso Compound, /)-H./)3AsCtH 4 N(NG)CH ; CONHC 6 H b .—3 g. of the 
arsonic acid were suspended in 35 cc. of glacial acetic acid and treated 
slowly, with constant agitation, with 6 cc. of a 10% sodium nitrite solu¬ 
tion. Only a portion of the substance dissolved and the mixture was 
heated to boiling, forming a clear, yellow solution. To complete the 
reaction 0.5 cc. of sodium nitrite solution was added and the mixture 
cooled, rosets of flat needles forming on scratching. After dilution with 
water to complete the separation the nitroso compound was filtered off 
and recrystallized from 50% alcohol. It separated as sheaves of long, 
flat, colorless needles containing one molecule of water of crystallization. 
The yield was 2.3 g. When rapidly heated to 185°, then slowly, it 
effervesces at 190-2 °. It is very sparingly soluble in boiling water, 
readily in boiling 50% alcohol, quite easily in the cold in acetic acid, 
and somewhat sparingly so in cold 95% alcohol. The nitroso com¬ 
pound is turned brown by sulfuric acid but dissolves to a colorless solu¬ 
tion; in the presence of phenol, however, a brown solution is obtained, 
changing rapidly to deep green. 

Subs., air-dry, 0.4429: Loss, 0.0218 in vacuo at 80° over H1SO4. 

Subs , 0.1023: 9.5 cc. N (24.0°, 761 mm.). Subs., 0.2979: MgjAsjO,, 0.1154. 

Calc, for CuH 14 0 [N,As.H 2 0 : HjO, 4.54; N, 1058; As, 18.87. Found: HjO, 
4.92; N, 10.69; As, 18.70. > 

N- (Phenyl-4-ar sonic Acid)-glycine-2 '-toluidide, p-HjOjAsCelLNHCHs- 
CONHCsbbCHifo-).—This substance was prepared as usual from chloro- 
acetyl-o-toluidine, aided by the addition of sodium iodide. Purified by 
redissolving in a slight excess of dil. sodium hydroxide solution, warming, 
and reprecipitating with acetic add the add separated slowly as aggre¬ 
gates of flat, microscopic needles. Recrystallized from 50% alcohol it 
forms woolly masses of delicate needles which do not melt below 275 0 and 
are sparingly soluble in hot water and acetone. It is insoluble in the 
cold in 50 or 95% alcohol but appredably so on boiling and readily so 
in hot acetic add. It dissolves appredably in cold methyl alcohol. 
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Subs., 0.2944: 9-9 cc. N (24.3°, 7jg mm.). 

Calc, tor CuKnOjNiAs; N, 7.69. Found: N, 7.69. 

Sodium Salt. —On adding several volumes of alcohol to the neutral 
solution of the add in dil. sodium hydroxide the sodium salt separates 
slowly as aggregates of long, narrow platelets which contain 2.5 mole¬ 
cules of water of crystallization. 

Subs., air-dry, o 5637. Loss, 0.0380 in vacuo at 100° over HjSCL 

Calc, for CisHifCbNjAsNa.s.jjHiO HiO, 10.44. Found 10.31. 

Subs , anhydrous, 0.2944: (Kjeldahl), 15.0 cc. 0.1 JV HC 1 ; MgtAsiO?, 0.1173. 

Calc, for CisHieOtNiAsNa: N, 7.26; As, 19.41. Found: N, 7 14; As, 19.27. 

A 7 -(Phenyl-4-arsonic Acid)-glycine-3 '-toluidide. —The yield from 3.7 
g. of chloroacetyl-wz-toluidine 1 was 4 g. The crude product was re- 
crystallized from 85% alcohol, separating as aggregates of long, thin 
plates. When rapidly heated it decomposes at about 285°, with prelim¬ 
inary darkening and softening. It is insoluble in boiling water or acetone, 
but is appreciably soluble in boiling methyl and ethyl alcohols and readily 
so in boiling acetic acid. 

Subs., 0.1929 13 3 cc. N (22.3°, 764 mm ). Subs., 0.3012' MgjAstO?, 0.1237. 

Calc for CijHnOiNiAs N, 7.70; As, 2058 Found: N, 801; As, 2016. 

A’-(Phenyl-4-arsonic Acid)-glycme-4'-toluidide.—This substance, ob¬ 
tained from chloroaeety 1-f toluidine, separates from the reaction mixture 
during the heating. Reprecipitated with acetic acid from its solution 
in sufficient hot. dil. sodium hydroxide it separated as minute aggregates 
of short, flat, microscopic needle . It crystallizes from hot 50% alcohol, 
in which it is but sparing!} soluble, as woolly masses of minute needles 
which do not decompose wlivn heated up to 280°. It is practically in¬ 
soluble in boiling water, a ui but sparingly so in boiling methyl or ethyl 
alcohol but is readily solu 1 , v in boiling acetic acid. 

Subs , 0.149')' 9-8 cc. N (25.0°, 762 mm ). > 

Calc, for C If,.-CbNtAs: N, 7.69. Found: 753 

Sodium Salt. —When the acid is dissolved in hot, dil. sodium hydroxide 
solution and carefully neutralized with acetic add the sodium salt separates 
on cooling as long, thin, curved, glistening needles, containing three 
molecules of water of crystallization. This salt is sparingly soluble in 
cold water and even less so in the presence of other sodium salts. 

Subs., air-dry, 0.6936. Loss, 0.0836 in vacuo at ioo° over H s SO,. 

Calc, for CisHi«0 ( N»AsNa.3Hi0: H-O, 12.28. Found: 12.34. 

* Subs., anhydrous, 0.2989: (Kjeldahl), 15,3 cc. 0.1 N HC 1 ; MgjAsjO?, 0.1213. 

Calc, for CnHwOsNjAANa; N, 7.26; As, 19,41. Found: N, 7.17; As, 19.59. 

N* (Phenyl-4-ar sonic Ac id) -gly c ine - a-naphthylamide, p-H 5 OjAsC*H«- 
NHCHjCONHCioH?^-). — Chloroacetyl - a - naphthylanrine reacted 
smoothly, the product separating from the clear solution on scratch¬ 
ing. It was best purified by predpitating a hot, dil. ammoniacal 

1 J. Biel. Chen., si, 108 (1915). 
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solution with acetic acid, forming aggregates of microscopic needles. 
It is practically insoluble in boiling water or 50% alcohol. When rapidly 
heated it darkens slightly, but does not melt up to 280°. On heating 
its solution in dil. sodium hydroxide the odor of a-naphthylamine is 
quickly noticeable owing to slight cleavage of the amide linking. 

Subs., 0.1466: 9.0 cc N (22.0°, 758 nun.). Subs., 03799' MgiAs»Or, 0.1457. 

Calc, for CijHnCLNjAs: N, 7.00; As, 18 73. Found. N, 7.09; As, 18.51. 

Af-(Phenyl-4-arsonic Acid)-glycine-3-naphthylamide. —During the in¬ 
teraction of chloroacetyl-fi-naphthylamine with sodium arsanilate in the 
presence of sodium iodide the sparingly soluble chloro compound was 
gradually replaced by the reaction product, so that complete solution 
never occurred. After 4 hours’ heating the mixture was diluted with water 
and treated with ammonia until definitely alkaline. The filtrate was 
wanned and treated with acetic acid, causing the precipitation of the 
arsonic acid as a crystalline powder. The yield from 4.4 g. of chloro 
compound was 5 g. For purification it was redissolved in dil. ammonia 
and reprecipitated with acetic acid, forming aggregates of microscopic 
needles which are practically insoluble in boiling water or 50% alcohol. 
When rapidly heated it decomposes at 285-6° to a red liquid. 

Subs., 0.2154: (KjeMahl), 10.6 cc. 0.1 N HC 1 
Calc, for CjiHnCLNjAs: N, 7.00. Found: 6.90. 

Sodium Salt. —When the acid is dissolved in warm, dil. sodium hy¬ 
droxide solution and carefully neutralized with acetic acid the sparingly 
soluble sodium salt quickly separates as a lustrous, crystalline mass. 
Recrystallized from a small volume of 50% alcohol it forms aggregates 
of flat needles which contain approximately 4.5 molecules of water of 
crystallization. 

Subs., air-dry, 0.8419: Loss, 0.1338 in vacuo at 100° over H1SO4. 

Calc, for Ci|Hu0iN,AsNa.45H,0: H a O, 16.1:. Found: 15.89. 

Subs., anhydrous, 0.3273- (Kjeldahl), 15.53 cc. 0.1 N HC 1 ; MgiAssCb, 0.1214. 

Calc, for CuHnCLNjAsNa: N, 6.64; As, 17.74. Found: N, 6 66; As, 17.90. 

W-(Phenyl-4-arsonic Acid)-glycmediphenylamide, p-H 2 0 »AsC»Ii 4 - 
NHCHjCONCCsHj^.—On boiling equivalent amounts of sodium arsanilate, 
chloroacetyldiphenylamine, 1 and sodium iodide in 50% alcohol as in 
previous examples, an oily reaction product separated after several 
minutes. On continued boiling this redissolved and after about an hour 
the crystalline arsonic add was deposited. The isolated product was 
dissolved in dil. ammonia, leaving an insoluble residue which was collected 
with boneblack and filtered off. On acidifying the filtrate to Congo 
red with hydrochloric add the dipheaylamide was obtained and for final 
purification was redissolved in hot, very dil. ammonia and predpitated 
with acetic add. The arsonic add separated as long, thin, microscopic 

1 H. Frerichs, Chm. Zentr., 74,103-4 (1903). 
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leaflets which contained one molecule of water of crystallization. The 
anhydrous substance decomposes at 271-2° with slight preliminary 
softening and is very sparingly soluble in boiling water or 50% alcohol. 

Subs., air-dry, 0.6797: Loss, 0.0267 in vacuo at ioo° over H1SO4. 

Calc, lor Cn.HuO4NjAs.H1O. HjO, 4.06. Found: 3.93 

Subs., anhydrous, 0.1780: (Kjeldahl), 8.3 cc. 0.1 N HC 1 . Subs., 0.2355: 
MgjAsjOj, 0.0853. 

Calc, for CjcHuOjNiAs. N, 6.57; As, 17 58. Found. N, 6.53; As, 17.48. 

AT-(Phenyl-4-arsonic Acid)-glycine-4'-chloroanilide, p-H* 0 *AsC*H«- 
NHCH 2 CONHCjH 4 Cl(p-).—Precipitated from the hot solution of its 
sodium salt with acetic acid, the substance obtained from chloroacetyl-p- 
chloroaniline quickly separates as toothed, microscopic leaflets which are 
often cross-shaped. It does not melt below 280° and is almost insoluble 
in boiling water or 50% alcohol. The sodium salt is easily salted out 
from its solutions by sodium acetate. 

Subs., 0.3058: (Kjeldahl , 15 5 cc. o 1 N HC 1 ; MgjAsjO?, 0.1238. 

Calc, for ChHijOjNjCIAs N, 729; As, 1949 Found N, 7 10, As, 19.54. 

N-{ Phenyl-4-arsonic Acid)glycine-4 , -iodoanilide.—(From chloroacetyl- 
p-iodoaniline. 1 ) When added to the hot solution of its sodium salt, 
acetic add causes the separation of the arsonic acid as broad, minute 
needles which do not melt below 275 0 and are practically insoluble in 
boiling water. 

Subs., o 2066 (Kjeldahl), S 45 cc 0.1 N HC 1 . 

Calc, for ChHuC^jIAs N, 589. Found. 5.73. 

Sodium Salt. —When an aqueous suspension of the acid was neutralized 
with sodium hydroxide and treated with sodium acetate solution the sodium 
salt crystallized as glistening leaflets. Recry stall ized from 85% alcohol 
the salt separated in rosets of needles which contained 3.5 molecules of 
water of crystallization. 

Subs., air-dry, 0.4029. Loss, 0.0448 in vacuo at 100° over HjSO,. 

Calc, for CuHnOiNiIAsNa.3.5HjO. H s O, 11.23. Found. 11.12. 

Subs., anhydrous, 0.2946: (Kjeldahl), 11.65 cc. 0.1 N HC 1 ; MgjAsjO:, 00922. 

Calc, for C 1 ,Hi, 0 ,NsIAsNa: N, 5.63; As, 15.05. Found: N, 5.54; As, 15.«. 

jV-(Phenyl-4-ar sonic Acid)-glycine-4'-nitroanilide, />-HjOjAsC«H 4- 
NHCHtCONHCuHtNOjCp-).—In this case the sparingly soluble chloro- 
acetyl-^-uitraniline 1 was gradually replaced by the reaction product. 
The crude substance was suspended in a large volume of hot water and 
* treated with a slight excess of ammonia. The hot, filtered solution was 
then treated with an excess of hydrochloric acid, causing the precipitation 
of the arsonic add as long, thin, faintly yellow needles. Acetic add is 
not a sufiSdently strong add completely to displace the nitro add from 
its ammonium salt, and as this is also sparingly soluble in water it con- 

1 This Joohnau, 39, 1441 (1917). 

• J. Biol. Chm., 21, na (1915). 
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taminates the free arsonic acid unless a mineral acid is used as precipitant. 
The yield from 14.5 g. of chloroacetyl-p-nitraniline was 18.5 g. The 
arsonic acid is practically insoluble in boiling water or 50% alcohol and 
does not melt below 285°. 

Subs., o U17 u 25 cc N (27 o°, 762 mm ). Subs., 0.3110- MgjAsjOi, 0.1212 

Calc, for ChHhOjNjAs N, 1063. As, 18 98. Found N, 10.55; As, 18.81. 

JV-(Phenyl-4-arsonic Acid)-glycine-4'-aminoanilide, p-HjChAsCnH*- 
NHCHnCONHCeHiNH.lp-)-—This substance could not be made directly 
from p-amino-chloroaretanilide because of the inaccessibility of the latter 
compound. It is also probable that the presence of the amino group 
would prevent a smooth reaction in the desired sense. The substance 
was therefore obtained indirectly, both by the saponification of the acetyl 
compound described below and by reduction 1 of the nitro compound 
just mentioned From the standpoint of yield the latter method is to be 
preferred. The former, however, is more rapid. 

16 g. of (phenyl-4-arsonic acid)-glycine-4'-nitroanilide were dissolved 
in 50 cc. of hot 2 .V sodium hydroxide solution, whereupon the sodium 
salt suddenly separated in finel}' divided form. This suspension was 
added to a bottle containing a slime of ferrous hydroxide prepared by 
precipitating a cold, saturated solution of 80 g. of ferrous sulfate with 
sufficient 2$ r -' ( sodium hydroxide solution to render the mixture strongly 
alkaline to litmus after thorough shaking. The reduction occurred at 
once in the cold, as evidenced by the change in color of the iron hydroxide. 
The bottle was immediately stoppered and shaken vigorously for several 
minutes and the mixture then poured on to a large suction funnel. On 
acidifying the filtrate with acetic acid a copious precipitate of the crude 
amino acid separated. This was filtered off, redissolved in hot, dil 
ammonia, and reprecipitated with acetic acid. For final purification 
it was dissolved in a considerable volume of warm, 10% sulfuric acid, 
treated with bone black, and sodium acetate solution added to the warm 
filtrate until it no longer turned Congo red paper blue. The amino acid 
separated in almost quantitative yield as colorless, microscopic needles or 
platelets. When heated rapidly it decomposes at 253-4 0 with prelim¬ 
inary darkening. It is practically insoluble in boiling water or 50% 
alcohol and dissolves in dil. hydrochloric acid, the hydrochloride being 
readily salted out by an excess of the acid. The acid solution is readily 
diazotized, coupling with R-salt to form a red dye. 

Subs., 0.1345 13 35 cc. N (24.5”. 76o mm.). Subs., 0.1553; MgjAsjCb, 0.0654. 

Calc, for C,«H, f O»NjAs N. 11.51; As, 20.52. Found N, 11.31; As, 20.33. 

Owing to the comparative stability of the anilide linking in A r -(phenyl- 
4-arsonic acid)-glycine-4'-acetamino-anilide (see below), it was possible 
to remove the acetyl group in this compound by short boiling with bydro- 

1 This Jootnai,, 40,1580 (1918). 
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chloric add. A partial rupture of the anilide linking could not be avoided, 
however, and consequently a good yield of the amino compound was not 
obtained. The mechanical difficulties arising from the sparing solubilities 
of the hydrochlorides of both the acetamino and amino acids were over¬ 
come by the addition of alcohol to the hydrolysis mixture, and the fol¬ 
lowing conditions were found to permit of a rapid and smooth reaction. 

5 g. of /V-(phenyl-4-arsonic acid)-glycine-4'-acetaminoanilide were 
suspended in a mixture of 45 cc. of 1 : 1 hydrochloric acid and 15 cc. 
of alcohol. On boiling the solution under a reflux condenser the arsonic 
acid gradually dissolved. After 10 minutes’ boiling the clear solution was 
chilled, causing the precipitation of the hydrochloride of the aminoanilide. 
The mixture was diluted with water, treated with ammonia in slight 
excess, heated on the water bath, and acidified with acetic acid, the 
amino compound separating as minute microscopic needles agreeing in all 
properties with the substance obtained by the reduction of the nitro 
compound. The yield was 2 g. 

Subs., o 1539 15.6 ce N <2i o', 760 nun ) Subs , o 2902 MgjAsjO-, 01222 
Calc, for CuHkOiNjAs N. 11 .si, As, 2052 Found N, 11 73, As, 2030 

A’-(Phenyl-4-arsonic Acid)-glycin.e-4'-acetaminoaiiilide.—(being to the 
sparing solubility of p-chloroaeetylamino acetanilide 1 the reaction 
mixture remained a thick paste in this case Aftei 4 hours’ heating, 
however, the suspended material was changed in appearance and finally 
became completely soluble in dil. sodium hydroxide solution. The sub¬ 
stance was purified in the usual manner. From hot, dilute solutions of the 
sodium salt acetic acid causes the gradual separation of the acid as aggre¬ 
gates of microscopic needles which are practically insoluble in boiling water 
or 50% alcohol and do not melt below 285°. 22 g. of arsanilic acid yielded 

29 g. of the new arsonic acid. 

Subs., 0.14S9. 13.0 cc N (22.5°, 763 nan.). 

Calc, for Ci«HiiO» 1 s t iAs. N, 1032. Found 1048 

Sodium Salt .—On dissolving the arsonic acid in sodium hydroxide 
solution to a slight alkaline reaction and adding alcohol until crystalliza¬ 
tion begins, the salt gradually separates as minute, lustrous platelets 
which slowly lose part of their water of crystallization on exposure to the 
air. A portion recrystallized from hot water and air-dried also gave 
uncertain figures for water of crystallization. 

' Subs., air-dry, 0.4421. Loss, 0.0379 in torwo at 100° over HjSOi 
Calc, for CuHuOvNjAsNa^HiO 2H1O, 7.75; a'/i H» 0 , 9.49- Found 857. 
Subs., anhydrous, 0.1324: 11,4 cc. N (21.5°, 761 mm.). Subs., 0.3218. 
MgjAsjO;, 0.1140. 

Calc, for CuHiiOwNiAsNa- N, 979; As, 17.47. Found- N, 9.99; As, 17.09. 

A r - (Pheny 1 -4 -«r seni c Acid)-glycine-4'-uramino-anilide, p-HjO,AsC«H,- 

1 This Journal, 39 > I4J5 (1917). 
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NHCH 2 CONHC t H«NHCONH,(p / -).~(From p-chloroacetylainino-f.heayl 
urea. 1 ) After one hour's boiling the arsonic add suddenly separated from 
the clear solution. After an additional hour’s heating the substance was 
filtered off and purified over the sodium salt described below. The free 
acid was precipitated by acetic acid from a hot solution of the salt as pale 
brown, microcrystalline aggregates which contain ‘/s molecule of water of 
crystallization. It is very sparingly soluble in boiling water, 50% alcohol, 
or methyl alcohol. When rapidly heated the anhydrous substance 
darkens above 200° and decomposes at 230 °. 

Subs , air-dry, 1 1959 Loss, o 0299 in vacuo at ioo° over H,SO t . 

Calc for CitHuOsN»As o 5H5O HjO, 2 16 Found 250 
Subs., anhydrous, o 1555 190CC N (27 0°, 759 mm ) 

Calc for CiiHi:OiN*As N, 13 73 Found 13 89 

Sodium Salt -—A neutral solution of the crude acid as obtained above 
in a small lolume of dil. sodium hydroxide solution was treated with an 
equal volume of saturated sodium acetate solution. On standing in the 
refrigerator the salt crystallized as a thick mass of colorless microscopic 
needles. These were filtered off, washed with 85% alcohol, and re- 
crystallized by dissolving m a small volume of warm water and treating 
the solution with an equal volume of alcohol The filtered product was 
washed with 5o r c alcohol. Starting with 22 g. of arsanilie acid the yield 
was 24 g The salt contains 4 molecules of water of crystallization. 

Subs , air-dry, o 5620 Loss, o 0822 in vacuo at 100° over HjSOt. 

Calc for CuHuOsNjAsNa 4H1O HjO, 143s Found 1463. 

Subs, anhydrous, 01311 14 8 cc N (20 5', 756 mm ) Subs., o 3050 MgtAsjOi, 
0.1087. 

Calc, for CisH«OjN*AsNa N, 13 02, As, 17 42. Found. N, 13 07; As, 17.20. 

AT-(Phenyl - 4 - arsonic Acid ) - glycine -4 '-methyl- 5 -ur amino-anilide, 
p - HAAsC 6 H 4 NHCH 2 CONHC 6 H3(CH0NHCONHi(p',m'). — Starting 
with 18 4 g of 2-methyl-5-chloroacetvlamino-phenyl urea, 2 the crude acid 
which separated during the heating was dissolved in dil. sodium hydroxide 
solution, the filtrate diluted to about 500 cc., heated, and then acidified 
with acetic acid. The new arsonic acid separated as aggregates of micro¬ 
scopic platelets and hairs which rendered filtration difficult. The yield 
was 22 g. The substance contains approximately ’/s molecule of water of 
crystallization. When rapidly heated the anhydrous acid decomposes 
at 257-8° with preliminary darkening and sintering and is practically 
insoluble in the usual solvents. 

Subs., air-dry, t) 5964- Loss, 0.0103 in vacuo at ioo° over H»SO«. 

Calc, for CuHnOiNjAs.o 3 HjO: HjO, 2 09. Found 1 73. 

Sute, anhydrous, 01413 16.3 cc N (23 o°, 758 nun). Subs., 0.3553: 

Mg>AsjO;, o 1305 

Cate, for CuHiiOtNtAs: N, 13.26; As, 17.76. Found. N, 13.27; As, 17.72. 

1 This Journal, 39, 1456 (1917). 

* Ibid; 39 , 14S4 (1917)- 
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Sodium Salt .—A suspension of the acid in a little hot water was dis¬ 
solved by adding just enough sodium hydroxide solution and treated with 
alcohol until just turbid. On rubbing and letting stand the salt slowly 
separated as a crystalline powder. A similar recrystallization was neces¬ 
sary to obtain an entirely pure product. The air-dried salt contained 
approximately 3.5 molecules of water of crystallization and was readily 
soluble in water. It can be recrystallized from hot water and is slowly 
salted out from strong solutions by sodium acetate. 

Subs., air-dry, o 7448 Loss, o 0898 »« vacuo at 100° over HjSO». 

Calc, for CuHnOjNtAsN* 3 sH| 0 ' H» 0 , 12.48. Found: 1205 

Subs., anhydrous, 01518 164 cc. N (215°, 768 mm.) Subs., 0.3272' 
MgiAsjO;, o 1174 

Calc for CuHnOiNiAsNa N, 12 61, As, 16 88 Found. N, 12 66, As, 17.31. 

A r -(Phenyl-4*arsonic Acid)-glycine-3'-oxamylaminoaniline, p-HjO»As- 
C,H < NHCH.CONHC«H.MICOCONH,(»i'-) —5 2 g. of w-chloroaeetyl- 
amino-oxanilamide* were boiled 6 hours with the usual reaction mixture. 
The precipitate was then filtered off, suspended in about a liter of water 
and treated with a slight excess of ammonia. The insoluble material was 
collected by adding boneblack and the filtrate heated nearly to boiling. 
The addition of acetic acid caused the gradual deposition of the arsonic 
acid as slightly purplish, microcrystalline aggregates. The yield was 
4.4 g. The acid is almost insoluble in boiling water and very sparingly 
soluble in boiling 50% alcohol. When rapidly heated it gradually darkens 
and partly decomposes, but does not melt up to 280°. 

Subs , o 1514 17 o cc N (23.0°, 757 nun ) Subs , o 2985- MgtAsiCL, o 1076. 

Calc, for C l .Hi,O.N,As- N. 12 85, As, 17 19 Found N, 12 90, As, 17.39. 

jV-(Phenyl-4-arsonic Acid)-glycine-4'-oxamylaminoanilide.—Owing to 
the insolubility of /’-chloroacetylamino-oxanilamide* the heating in this 
case was continued for about 7 hours, in spite of which the reaction was 
very incomplete. The filtered solid was susepnded in a large volume of 
water and the mixture treated with a slight excess of ammonia. After 
thorough disintegration of the insoluble residue the mixture was filtered 
and the solution acidified with acetic acid, causing the immediate preci¬ 
pitation of the arsonic add as arborescent aggregates of microscopic 
needles. The yield from 4.8 g. of chloro compound was only i.ig. The 
substance is practically insoluble in all neutral solvents and does not melt 
below 280°. 

Subs., 0.181a. 20.0 cc. N (20.5 0 , 755 mm ). Subs., 0.2847. MgtAstOj, 0.100a. 

Calc, for C«HijOd^4As' N, 12.85; As, 17.19. Found: N, 12.75; As, 16.99. 

A'-(Phenyl-4-arsonic Acid) glycyl-a-aminophenol, (A'- (Phenyl-4-arsonic 
Acid) - glycine - a' - hydroxy anilide ), p-HjOjAsC^H.NHCHjCONHQH,- 
OH (<?-).—The halogen in the chloroacetylamino-phenols is extremely labile, 

1 This Journal, 39, 1432 <1917). 

4 Ibid , 39,1461 (1917). 



WALTER A, JACOBS AND MICHAEL HEID6LBKRGBK. 


1623 

so that these substaneesreact with the amino group so readily as to render 
unnecessary the addition of sodium iodide as in the previously described 
syntheses. In the case of o-chloroacetylamino-phenol this reactivity 
causes a complication, since in the presence of alkalies or the sodium 
salts of weak acids it readily undergoes ortho condensation with the forma¬ 
tion of o-amino-phenoxyacetie anhydride. 1 This reaction consequently 
paralleled the glycine formation, but in spite of this the desired arsonic 
acid was obtained, although in rather poor yield. 

4.4 g. of arsanilic acid were dissolved in 20 cc. of AT sodium hydroxide 
solution and boiled under an air-condenser with 3.8 g. of o-chloroaretyl- 
amino-phenol 2 for one hour, the oil which first formed gradually disap¬ 
pearing. On cooling the reaction product separated as an oil, but on 
acidifying to Congo red with hydrochloric acid and scratching, it solidified 
almost completely. The product was collected and digested with dil. 
ammonia, leaving 1.5 g. of a crystalline residue, which, both by melting 
point (170-5 0 ) and analysis, was shown to be o-amino-phenoxvaeetic 
anhydride. On wanning the axnmoniacal filtrate from this by-product 
and acidifying slightly with hydrochloric acid, 1 7 g. of the new arsonic 
acid separated on cooling as lustrous crystals. When rapidly heated the 
substance melts and decomposes at 190 0 with preliminary darkening. 
It is soluble in cold 95% alcohol and is also easily soluble in boiling water, 
from which it separates on cooling as long, narrow, glistening leaflets. 
An alkaline solution couples readily with diazotized sulfanilic acid, yield¬ 
ing an orange colored solution. 

Subs,, o 1496- (Kjeldahl), 8.23 cc. 0.1 N HC 1 . Suhs., 0.2221- MgiAsjOj, 0.0958, 

Calc, for CmHuOiNjAs- N, 7 66; As, 20.48. Found: N, 7.70; As, 20.82. 

A better yield of the arsonic acid was obtained by using two molecules 
of arsanilic acid instead of one molecule of sodium arsanilate. In this 
case longer boiling was necessary. 21 g. of 0 -chloroacetylamino phenol 
and 50 g. of arsanilic add (2 raols.) in 220 cc. of water were boiled under a 
reflux condenser for 4 hours. A clear solution was quickly obtained but 
this gradually darkened. At the end 50 cc. of 10% hydrochloric acid 
were added and on cooling and scratching the arsonic acid gradually 
crystallized. After purification as described above it agreed in all its 
properties with the product isolated by the first method. The yield was 
»7 8- 

Subs., o 1545: (Kjeldahl), 8,6 cc. 0.1 N HC 1 . Subs., 0.3010- MgjAsjCL, 0.1254. 

Calc, for Ci*H«OiNbAs- N, 7.66; As, 20.48. Found: N, 7.76; As, 20.11. 

A’-(Pbenyl-4-arsonic Acid)glycyl-3-aminophenol (A 7 - (Phenyl-4-arsonic 
Acid)-glycine-m '-hydroxyanilide ),—Owing to the special importance of 
this substance as the starting material for the preparation of arseno- 

1 Aachan, Ber.. 20, 1324 (1887). 

• Thb Journal, 41,458 (1914). 
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pbeaylglycfoe-bis-M'-hydroxyaiiilide, it will be published in connection 
with this arseno compound in another place. 

A 7 - (Phenyl-4-arsonic Acid) - glycine-2'-methyl - 5' - hydroxy anilide. — 
When a solution of 12.4 g. of arsanilic acid in 57 ec. of N aqueous sodium 
hydroxide was boiled with n 3 g. of 4-methyl-5-chloroacetylamino-phcnol 1 
a clear solution was obtained in a few minutes and deposition of the new 
arsonic acid began in about 20 minutes. Heating was continued on the 
water bath for a total of one hour, and after letting cool,-the mixture was 
acidified to congo red with hydrochloric acid and filtered. The crude 
product was suspended in water, made just alkaline with sodium carbonate, 
and treated with boneblaek after neutralizing with acetic acid The 
filtrate, heated almost to the boiling point and treated with acetic acid, 
soon deposited the arsonic acid as glistening, pink platelets and micro¬ 
scopic prisms The yield was 9 o g , decomposing at about 220-5°, with 
preliminary darkening li is very sparingly soluble in boiling water, 
alcohol, methyl alcohol, or acetic acid In alkaline solution it couples 
with diazotized sulfanilic acid yielding a redder color than do similar 
compounds in which the position para to the hydroxy group is unoccupied. 
Subs , o i.i08 (Kjeldahl), 7 o cc 01 N HC 1 Subs , 03134 Mg-AsjO;, 0.1267 
Cak. for ChHitOvN.As N, 737, As. 1972 Found N, 750. As, 1949 
.V-(Phenyl-4-arsonicAcid)-glycme-4'-methyl-5'-hydroxy anilide. —The 
product from 20 g of 2-methyl-5-chloroaectvlainino phenol* was worked 
up as in the case of the preceding compound, but as the analysis showed 
it to be impure it was converted into the sodium salt. The salt obtained 
by the addition of several volumes of alcohol to the neutral solution of the 
acid in sodium hydroxide solution was washed with 85' \ alcohol, and con¬ 
verted into the acid by precipitating from hot water with acetic acid. 
The arsonic acid forms prisms and branched leaflets which are very 
sparingly soluble in the usual solvents. The yield was 10.6 g. When 
rapidly heated to 255°, then slowly, the substance gradually darkens and 
softens, melting at 258° with decomposition. In alkaline solution it 
couples readily with diazotized sulfanilic acid. 

Subs , o 1396 (Kjeldahl). 12 1 cc o 1 N HC 1 Subs , o 3030' MgjAsjO?, o 1228. 
Calc for CuHnOtNiAs N, 7 37, As 1972 Found N, 7 58, As, 1957. 
A'-(Phenyl-4-arsonic Acid)glycyl-4'-aminophenol, (A'-iPhenyl-4-Msoaic 
Acid)-glyc in e-4'-hydroxy anilide). —After about 15 minutes the mixture 
(from 33 g. of arsanilic acid and 28 g. of f-chloroacetylarnino-phenol 1 ) 
set to an almost solid mass of lustrous crystals and the heating was con¬ 
tinued for 45 minutes longer on the water bath. The somewhat colored 
product was suspended in a moderate volume of hot water and completely 
dissolved by the addition of dil. sodium hydroxide solution. After careful 
1 This Journai, 41, 439 (1919). 

* fWd., 39,1442 (1917). 
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neutralization with acetic acid the hot solution was decolorized with bone- 
black and the dear, hot filtrate acidified with acetic acid, yielding the 
pure arsenic add as faintly pink, glistening platelets in a yield of 35 g. 
When rapidly heated the arsonic add darkens and mdts to a black tar 
at 255-60°. It is almost insoluble in boiling water, 50% alcohol, 50% 
acetic acid, or methyl alcohol. 

Subs , o 2673 (Kjeldahl), 14.35 cc 0.1 N HC 1 . 

Calc, for ChHbOsNiAs. N, 7.66. Found- 7.47 

Sodium Salt .—This was readily obtained from a neutral solution of the 
add in dil. sodium hydroxide On treatment with saturated sodium acetate 
solution. Reciystallized from hot water, the salt formed lustrous plate¬ 
lets which contained 4.5 molecules of water of crystallization. It is 
fairy easily soluble in cold water. 

Subs , air-dry, 0.5730 • Loss, o 0967 t n vacuo at too 0 over HjSO,. 

Calc, for CnHuOiNjAsNa 4 5H1O HiO, 1726. Found 1687. 

Subs , anhydrous, o 3096 (Kjeldahl), 16 25 cc. o 1 N HC 1 ; MfrAsiOr, o 1245 

Calc for C M H„O t N»AsNa N, 7 22, As, 1930 Found N, 736, As, 1941. 

A’-(PhenyI-4-arsonic Acid)-glycine-//-anisidide, p-H 2 0 jAsC«H*NIICHi- 
CONHCeHiOCH 3 (p-).—This substance was readily obtained by the usual 
method from chloroacetyl-p-anisidine in the presence of sodium iodide. 
The arsonic acid is precipitated by acetic acid from its hot solution in 
dil. sodium hydroxide as lustrous leaflets which darken and soften above 
230° when rapidly heated. It is practically insoluble in boiling water or 
boiling 50% alcohol, and gives a flesh-colored solution in cone, sulfuric 
acid. 

Subs., o 1575 J0.2 cc N (23 3 0 , 759 mm.) Subs., 0.3422 Mg«AsiO,, o 1368. 

Calc, for CuHuOtNtAs- N, 7 37, As, 39 71. Found N, 7 45, As, 19.29. 

N- (Phenyl-4-arsonic Acid)glycyl-i-amino-2-naphthol, p-H t O*AsC«H«- 
NHCH2 CONHCioH 6 OH(i, 2-).-—The ease with which i-chloroacetyl- 
amino-2-naphthoI 1 reacts in the presence of alkali, alkali carbonates or 
salts of weak acids to form the anhydride of 1-amino-2-naphthoxyacetic 
acid interfered greatly with the preparation of the above arsonic acid, 
a fact which, recalls the experience with e-chloroacetylamino-pbenol. 
Of all the methods tested, the best results were given by the following 
procedure: * 

22 g. of arsanilic acid in 100 cc. of N sodium hydroxide solution, 20 g. 
of sodium iodide, 24 g. of chloroacetylamino-phenol and 100 cc. of alcohol 
were boiled for one hour, a large proportion of the chloroacetyl compound 
changing to the sparingly soluble anhydride. After dilution with water, 
the mixture was made ammoniacal and the insoluble anhydride (m. p. 215°) 
filtered off. The filtrate was acidified strongly with acetic acid and on 
standing in the refrigerator the arsonic acid gradually separated, contami- 

1 This Journal, 41,460 (1919). 
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nated with unchanged arsanilic add. The deposited substance was redis¬ 
solved in dil. ammonia, treated with boneblack, and the hot filtrate addi- 
fied with hydrochloric acid, the new compound separating at once as a heavy 
powder consisting of aggregates of microscopic plates and prisms which 
contained two molecules of water of crystallization. The yield was 6.5 g. 
The anhydrous substance decomposes at 189-91 0 with preliminary darken¬ 
ing and softening. Although very difficultly soluble in the cold it dis¬ 
solves appreciably in boiling alcohol or acetic acid. It is more easily 
soluble in methyl alcohol and almost insoluble in water. 

Subs., air-dry, 0.5668: Loss, 0 0453 in vacuo at 100° over HjSOi. 

Calc, for CuHnOsNjAs.alljO' HjO. 7.96. Found: 7.99. 

Subs., anhydrous, 0.1970- (Kjeldahl), 9.55 cc. 0.1 N HC 1 . Subs., 0.3666: 
MgiAs,0, r 0.1386. 

Calc, for CiiHuOiNfAs: N, 6.73; As, 18.02. Found: N, 6.79; As, 18.24. 

(A T -(Phenyl - 4 - arsonic Acid)glycine -4',i' - hydroxynaphthalide), A T - 
(Phenyl-4-arsonic Acid)glycyl-4-amino-i-naphtbol.—4.4 g. of arsanilic 
acid were treated in the usual manner with 4.8 g. of 4-chloroacetylaminO- 
1-naphthol 1 in 50% alcohol in the presence of sodium iodide for 4 hours. 
The deeply colored solution yielded the new arsonic acid on scratching 
and dilution with water. After filtration and washing with acetone in 
order to remove most of the color, the crude residue was dissolved in hot 
20 c : c sodium acetate solution and then treated with an equal volume of 
saturated sodium acetate solution. On cooling the sodium salt separated 
as glistening plates, and was recrystallized from a small volume of water. 
The yield was 4 g., containing 5.5 molecules of water of crystallization. 

Subs., air-dry, 0.9469: Loss, 0.1704 fit vacuo at 100° over H»SO*. 

Calc, for Ci*H,«OjN>AsNa 5.5H1O. H s O, 18.43. Found: H, 0 , 17.99. 

Subs., anhydrous, 0.2997. (Kjeldahl), 13.65 cc. 0.1 N HC 1 ; MgtAsjO:, 0.1060. 

Calc, for Ci»Hi«OiN»AsNa. N, 6.39; As, 17.11. Found: N, 6.38; As, 17.07. 

On treating a hot, dilute solution of the sodium salt with acetic add, the 
free acid separates slowly as microscopic crystals which contain approxi¬ 
mately 1.5 molecules of water of crystallization. The anhydrous sub¬ 
stance darkens above 200 0 and decomposes at 240-2 °. It is practically 
insoluble in boiling water and but sparingly so in 50 or 95% alcohol. It 
is readily soluble in hot methyl alcohol. 

Subs., air-dry, 0.6011: Loss, 0.0405 in vacuo at 100° over H»SO t . 

Calc, for CuHnOiNjAs. 1 5H1O; HiO, 6.10. Found: 6.74. 

Subs., anhydrous, 0.1452: 8.7 cc. N (27.5 0 , 760 mm.). 

Calc, for CiiHirOtNiAs: N, 6.73. Found : v 6.8i. 

A'-(PhenyI-4-arsonic Acid ) glycyl-3-amino-4 ,6-dichlorophenol. —In the 
reaction between 2,4-ffichloro-5 -chloroacetylamino-phenol t and sodium 
arsanilate by the usual sodium iodide-50% alcohol method a dear solution 

1 Tins Journal, 41,464 (1919). 

* IM,, 41,461 (1919), 
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quiddy formed from which the reaction product suddenly separated. 
The solid was suspended in a large volume of water to prevent separation 
of the somewhat difficultly soluble sodium salt and dil. sodium hydroxide 
solution added until all but an amorphous substance had dissolved. This 
was collected with boneblack and the filtrate heated and acidified with 
acetic acid. A repetition of this process removed a further small quantity 
of amorphous material, 26 g. of the original chloroacetyl compound yield¬ 
ing 21 g. of the pure product. The new arsonic acid fonns flat, colorless 
microscopic needles which begin to darken above 220° but melt and de¬ 
compose at about 280°. It is practically insoluble in boiling water or 
50% alcohol. 

- Subs., 0.2538 (Kjeldahl), 12 02 cc o i N HCl Subs , o 2274 MggAssOy, 00809 

Calc, for ChHuO*N 3 C 1 jAs N, 644, As, 1723 Found N, 664, As, 17 16 

N -(Pheayl-4-arsonic Acid)gIycyl-3-amino-6-bromophenol.— i 65 R- of 
arsanilie add and 20 g. of a-brorao-s-chloroaeetylamino-phenol 1 yielded 
smoothly 23 g. of recrystallized reaction product by the sodium iodide- 
50% alcohol method. Acetic acid precipitates the arsonic acid from hot 
solutions of its salts as glistening leaflets wliidi decompose at 255 0 with 
preliminary sintering. It is very sparingly soluble in boiling water, 
50% alcohol, or methyl alcohol. 

Subs., o 1421 7 6 cc N (21.5 0 , 763 mm ) 

Calc for Ci*Hi« 0 »NiBrAs N, 6 29 Found 6 23 

N- (Phenyi-4-arsonic Add)glycyI-4-amino-pyrocatechol, ('A'-(Phenyl- 
4-arsonic Acid)glycine-3 ',4 '-dihydroiyanilide).—A solution of 33 g. of 
arsanilie add in 150 cc. of N sodium hydroxide solution was boiled for one 
hour with 31 g. of 4-chloroacetylamino-pyrocatechol, - the reaction product 
partly separating from the deeply colored solution After cooling the 
very dark crystalline mass was filtered off, dissolved in dil sodium hy¬ 
droxide solution and carefully neutralized with acetic acid. After treating 
the almost black solution with boneblack and acidifying the still deeply 
dilated filtrate with acetic acid, the arsonic acid slowly separated as 
colored, microscopic leaflets. A repetition of the purification process 
removed most of the color, the product as finally obtained forming faintly 
pink, glistening leaflets. The yield was only 15 g., considerable loss hav¬ 
ing occurred during purification. When rapidly heated the substance 
blackens above 200® and decomposes at about 260-5”. It dissolves with 
difficulty in boiling water, 'separating on cooling as long, narrow, lustrous 
plates. It is very sparingly soluble in hot alcohol or methyl alcohol, 
more readily in hot 50% alcohol. A solution of the acid in an excess of 
dil. sodium hydroxide solution rapidly turns defep orange in color, while 

* Tins Journal, 4b 464 (19*9). , , 

* ibid ., 41,468 (19*9). 
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ferric chloride added to an aqueous solution of the acid causes a bluish 
purple coloration. 

Subs, 01653 (Kjeldahl), 8 67 cc 01 N HC 1 Subs, 03105 MgjAsjOj, 0.1174. 
Calc (or ChHuOiK.As N, 733, As, 1961 Found N, 734, As, 1980. 

jY-(Phenyl-4-arsonic Acid)glycyl-anthranilic Acid, p-HjOiAsCeH*- 

NHCHjCONHCsHiCOjH (0-).—Owing to the great reactivity of the 
chlorine atom in chloroacetyl-anthranilic acid the reaction between this 
compound and sodium arsanihc did not go entirely in the desired sense, 
so that the yield of the complex arsonic acid was unusually poor. The 
most satisfactory results were obtained by the use of the ester of chloro- 
acetyl-anthranihc acid and subsequent saponification of the resulting 
ester arsonic acid. 

30 g. of Y-(phenyl-4-arsonicacid)glycyl-anthranilic ethyl ester (see below) 
were dissolved in a definite excess of 10 % sodium hydroxide solution and 
allowed to stand at mini temperature for several hours. Heating the solu¬ 
tion was found not only to saponify the ester group but also to cleave the 
amide linking with consequent formation of anthramlic acid Acidification 
caused the separation of a gum which rapidly crystallized and was re¬ 
dissolved in hot dil sodium acetate solution and treated hot with an 
excess of hydrochloric acid The arsonic acid separated at once as 
characteristic oetahedra The yield was 25 g. On rapid heating it decom¬ 
poses at 230* S 0 " ith preliminary softening and darkening and is practically 
insoluble in boiling water, but appreciably in boiling methyl or ethyl 
alcohol or 50'., alcohol. 

Subs , o 3056 (Kjeldahl), 15 4 cc 01 V HC 1 , Mg,AsiO:, o 1195 
Calc for C]iH,jO«NjAs N. 7 ii As, 1902. Found N, 706, As, 1888 

A-(Phenyl-4-arsonic Acid)glycyl-anthranilic Ethyl Ester, p-HsOjAsC*- 
HiNHCHiCONHCnfbCOzCjHslo-).—25 g of chloroacetyl-anthranilic ethyl 
ester, 1 in the presence of sodium iodide yielded 31 g. of crude product. 
Recrystallized from 50% alcohol the ester separates as rosets of delicate 
needles which do not decompose below 280°. Jt is difficultly soluble in 
cold methyl alcohol, more readily on heating, and also dissolves in hot 
50 % or 95 c r alcohol. 

Subs , 0.1485 8.9 cc. N (25 5 0 , 7J5 mm.). 

Calc for CnHitOJs’iAs N, 6 64. Found 6.8i. 

\ T - (Phenyl - 4 - arsonic Acid) - glycyl - N - methylanthranilic Acid, 

P-H 3 OsAsC,H*NHCH ! CON(CH,1 C4 H,CO j H(o-).—A lthough the reaction 
between sodium arsanilate and chloroacetyl-methylanthranilic add* ap¬ 
parently proceeded partly in the desired sense, it was difficult to isolate 
a pure product. As in the case of the anthranilic add compound the sub¬ 
stance was found to be more easily prepared over the ester. For this 
1 This Journal, 41,469 (1919) 

1 ■fJxf. 4 *i 470 (1919). 
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purpose 25 g. of arsanilic add dissolved in 115 cc. of N sodium hydroxide 
solution, 29 g. of chloroacetyl-methylanthranilic ethyl ester, 1 22 g. of 
sodium iodide, and 115 cc. of alcohol were boiled under a reflux condenser 
for 4 hours. As attempts to obtain a crystalline reaction product failed 
the ester was not isolated. Instead the alcohol was allowed to boil off 
and the residue diluted with water After the oil which was formed had 
settled, the aqueous layer was decanted and the oil again shaken with a 
small volume of water which was then also decanted. The crude ester 
so obtained was dissolved in 150 cc. of 10% sodium hydroxide solution, 
filtered, and allowed to stand 4 hours at room temperature. The alkaline 
solution was then acidified to congo red with hydrochloric acid, causing 
the separation of the acid as a gum which gradually solidified. This was 
purified by again dissolving in dil alkali and acidifying with hydrochloric 
add until faintly add to congo red. The resulting doudy solution 
gradually deposited the acid as microscopic aggregates of needles or short, 
fiat plates. The yield was 16 g When rapidly heated the add darkens 
and decomposes at 230°. It is very difficultly soluble in boiling water 
or boiling methyl alcohol, but fairly readily so in hot 50% alcohol, from 
which it can be recrystallized. 

Subs., 0.3213 (Kjeldahl), 15 7 cc o i N HC 1 Subs , 03256 MgjAstOj, o 1245 
Calc for Ci*HirO«N»As. N, 6 86, As, 18.36. Found N, 685, As, 1846 

W-(Phenyl-4-arsonic Add)glycyl-2-amino-benzamide, f-IIjOjAsCaH^ 
NHCHiCONHCJI 4 CONH s (o-).—A fter boiling equivalent amounts of 
sodium arsanilate, o-chloroacetylamino-benzamide,* and sodium iodide 
for two hours in 50% alcohol a dear solution resulted. Crystallization 
of the reaction product was started by rubbing with a rod and the crude 
product purified by dissolving in dil. sodium hydroxide and adding acetic 
add. In this way it crystallizes slowly as faintly ydlow, radiating masses 
of delicate microscopic needles which contain one molecule of water of 
crystallization. When rapidly heated to 165° and then slowly it sinters 
and slowly melts down at 170°. It is sparingly soluble in cold water, 
alcohol or 50% alcohol, but readily soluble on warming. It is appredably 
soluble in methyl alcohol in the cold. 

Subs , air-dry, o 8645. Loss, o 0384 in vacuo at ioo° over HtSO, 

Calc for CnHuOjNtAs H s O H» 0 , 4 38 Found 4 44 
Subs., anhydrous, o 1828 (Kjeldahl), 14 05 cc 01 N HC 1 . 

Calc, for CuHhCWiAs N, 10 69 Found 10 76. 

Sodium Salt .—The neutral solution of the add in a small volume of 
dil. sodium hydroxide, was treated with several volumes of alcohol. 
On standing in the refrigerator the salt gradually crystallized. On re- 
crystallization from 85% alcohol it formed globules of minute crys- 
1 This Journal, 41, 470 (1918). 

1 Hid, 39 ,1442 (1917). 
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tals which, like the add, had a slightly yellow color. It contains 4.5 
molecules of water of crystallization and dissolves readily in water. 

Subs., air-dry, 0.5076: Loss, o 0808 in vacuo at 100° over HjSO,. 

Cak. for CuH )( OtN»AsNa.4 5H1O: HjO, 16.33. Found. 15.92. 

Subs., anhydrous, 0.3235: (Kjddahl), 23.65 cc. 01 N HC 1 . Subs., 0.3825: 
MgiAsiOr, o 1441. 

Calc, for CuHuOiNiAsNa. N, 10 13; As, 18.06. Found- N, 10.24, As, 18.18. 

Af-(Phenyl-4-arsonic Acid)glycyl-3-amino-henzamide. — As in the 

previous case w-chloroacetylamino-benzamide 1 yielded after several hours’ 
boiling a supersaturated solution of the reaction product which crystallized 
only on chilling and rubbing. On treating a solution of the crude product 
in dil. sodium hydroxide with acetic add the pure arsonic add separated 
as irregular, microscopic platelets. Recrystallized from hot 50% alcohol, 
in which it is rather sparingly soluble, it separates as rosets of microscopic 
spears which contain between 2 and 2.5 molecules of water of crystalliza¬ 
tion. The add is practically insoluble in boiling water, and when rapidly 
heated, darkens and shows signs of decomposition above 200 0 but does not 
decompose completely until 280° is reached. 

Subs., air-dry, 0.9688. Loss, 00891 »« vacuo at 100“ over P t O» 

Calc, for C1 JinOtNjAs.2H ,0 HA). 8.39: 2.5 HiO, 10.27. Found. 920. 

Subs., anhydrous, 0.2713: (Kjeldahl), 20.5 cc o.t N HC 1 , MgiAsjOj, 0.1075. 

Calc for CuHi«OtN»As. N, 1069, As, 1907 Found. N, 1059; As, 19-13. 

.V- (Phenyl-4-arsonic Arid)-glycyl-3-aminobenzoyl-urea, ^-HzOsAsCrf^- 
NHCHrCONHC^iCONHCONH,(»«-).—In this case the sparingly soluble 
m-chloroacetyl-aminobenzoyl-urea, 1 was gradually replaced by the new 
arsonic add. After 4 hours’ heating the resulting product was collected, 
suspended in water, and treated with dil. sodium carbonate solution 
until the solution remained slightly alkaline on thorough mixing and the 
arsonic add was completdy extracted from an insoluble residue. This 
was collected in the cold with boneblack and the clear filtrate treated 
with sodium acetate until the sodium salt separated. After standing 
in the refrigerator the salt was filtered off and washed with 20% sodium 
acetate solution, then with 85% alcohol. For purification it was dissolved 
in a small volume of water and treated with two volumes of alcohol. 
On scratching the sodium salt separated as thick, colorless masses of delicate 
microscopic hairs which contained 8 molecules of water of crystallization. 

Subs , air-dry, o 5560: Loss, 0.1323 in vacuo at ioo° over HjSOt. 

Calc, for CuHiiO«NtAsNa.8HjO- HjO, 23.93. Found: 23.80. 

Subs., anhydrous, 0.1335: 14.45 cc- N (26.0'’, 756 nun.). Subs., 0.2892: 
MgtAatO), 0.0970. 

Calc, for CnHuOtNtAsNa: N, 12.23; As, 16.36. Found: N, 12.29; As, 16.19. 

On addition of acetic add to the hot dilute solution of the salt the free 

1 This Journal, 39, 1442 (1917). 

•T&hL, 39, 9430 (1917). 
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arsonic acid separates as sheaves and plumes of microscopic needles 
which decompose at about 280° with preliminary darkening and sintering. 
It is practically insoluble in boiling water or 50% alcohol. 

Subs., 0.1663. (Kjeldahl), 15.25 cc. 0.1 N HCI. 

Calc, for CitHnOeNtAs: N, 12.84. Found: 12.84. 

.V-(Phenyl-4-arsonic Acid)glycyl-4-amino-benzamide.—The reaction in 
the case of p-chloroaeetylamino-benzamide 1 occurred quickly as evidenced 
by the rapid disappearance of the sparingly soluble chloroacetjd compound, 
followed soon after by the sudden precipitation of the new arsonic add. 
This was suspended in water and dissolved by the careful addition of dil. 
sodium hydroxide solution. After neutralization to litmus with acetic 
add the solution was heated, filtered, and the filtrate treated with sodium 
acetate until the sodium salt began to separate. This was recrystallized 
from hot water, in which it is easily soluble, separating on cooling as 
rosets of thin, microscopic needles which contain 4.5 molecules of water 
of crystallization. 

Subs., air-dry, 0.3410: Loss, 0.0564 in vacuo at 100° over PjOs. 

Calc, for Ci 5 HitOiNtAsNa.4.5HiO' H s O, 16.33. Found: 16.54. 

Subs., anhydrous, 0.3187- (Kjeldahl), 22.5 cc. o 1 N HCI, AfgjAstOr, 0.1210. 

Calc, for CnH,sOiN,AsNa: N, 10.13; As, 18.06. Found- N, 9.89; As, 18.33. 

A hot, dilute solution of the salt, treated with acetic acid, immediately 
deposited the insoluble arsonic acid as nodules of microscopic needles 
which do not melt bdow 280°. 

Subs., 0.1034: 9.7 cc. N (22.0°, 757 mm ). 

Calc, for Ci»HuO»N«As: N, 10.69. Found: N, 10.81. 

W-(Phenyl-4-arsonic Acid)glycyl-5-amino-salicylamide, p-H 2 0 3 AsC«H4- 
NHCHiCONHC«H3(OH)CONH 2 (p,m-).—42 g. of 5-chloroacetylamino- 
salicylamide, 2 by the sodium iodide method, after 2 hours boiling and 
purification of the crude product in the usual way, yielded 45 g. 
of the pure arsonic acid as glistening scales which contained one molecule 
of water of crystallization. When rapidly heated the anhydrous sub¬ 
stance softens above 190° and gradually decomposes until fluid at about 
255°. It is very sparingly soluble in boiling water or 50% alcohol, such 
solutions giving a brownish purple color with ferric chloride. In alkaline 
solution it couples with diazotized sulfanilic acid. 

Subs., air-dry, 0.7932: Loss, 0.0356 in vacuo at 100° over HjSO*. , 

Calc, for CuHi«OsN>As.HiO: H 2 0 , 4.40. Found: H a O, 4.49. 

Subs., anhydrous, 0.3148 (Kjeldahl), 22.5 cc. o I N HCI; Mg,As, 0 ?, 0.1179. 

Calc, for CuHuOsNjAs- N, 10.27; As, 18.32. Found: N, 10,01; As, 18,08. 

N - (Phenyl - 4 - arsonic Acid)-glycyl - 3 - amino - phenyl acetamide, 

^-HsOjAsCuIiiNHCHsCONHCdr^CHaCONHj(»i-).—4.6 g. of m-chloro- 

1 This Journal, 39> "443 (1917). 

* Ibid $9, 2430 (1917). 
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tcetylamino-phenylacetamide, 1 using sodium iodide, gave a dear solution 
from which the crude product separated on dilution and rubbing. The 
substance was redissolved in dil. ammonia and treated with acetic add, 
the pure arsonic acid separating as masses of microscopic needles which 
darken slightly above 220° and decompose at 275 80°. It is soluble in 
boiling water and 50% alcohol. The yield was 5.2 g. 

Subs . o 1427 12 8 cc N T 22 0° 764 mm ) Subs., 0 3065 MgjAsjO-, o 1166. 

Calc for CioHuOiNjA N, 1032, As, 1841 Found N, 1044, As, 1835 

N - (Phenyl -4- arsonic Acid)glycyl - 4 - amin o - phenylacetic Acid, 

p-H 1 0 ,AsCJI < NHCH 2 CONHCdI ( CH 2 CO I H(>-') —15.4 g. of arsanilic add 
were dissolved in 70 cc. of N sodium hydroxide solution and boiled for one 
hour with 16 g of p-chloroaeetylamino-phenylacetic acid.* The oil 
which separated on cooling soon crystallized and was triturated with 
70 cc. of N hydrochloric acid solution, filtered off, washed with water, 
and dried. The yield of crude product, 24 g was dissolved in dil. sodium 
hydroxide solution, made faintly acid with acetic acid, treated with bone- 
black, and the filtrate diluted to about 500 cc., warmed on the water bath, 
and treated with hydrochloric acid until just acid to Congo red. The 
arsonic acid which separated was recrystallized from 85(7, alcohol, sepa¬ 
rating slowly as practically cotorless, microscopic globules. The dried 
add gradually darkens on Ireating, finally melting and decomposing on 
keeping the bath at 280° for a few moments. The anhydrous substance 
is pale yellow, losing its color without dissolving when boiled with water. 
It is quite soluble in boiling 85% alcohol or methyl alcohol and dissolves 
only sparingly in boiling acetic acid. 

Subs., o 2077 (Kjeldahl), 10 25 cc 01 N HC 1 Subs , o 2747 MgjAsjO,, 0.1038- 
Calc. for Cj*H[-OsNiAs N, 687, As, 1836. Found N, 691, As, 18.24. 

A r -(Phenyl-4*axsoaic Acid)gIycyl-4-amino-phenylacetamide. — (From 
p-chloroacetylamino-phenylacetamide 3 by the 50% alcohol and sodium 
iodide method). The crude acid was repreripitated from its solution 
in hot dil. ammonia by acetic add, separating as plumes of microscopic 
hairs. The arsonic add is only sparingly soluble in boiling water or 
50% alcohol and does not melt below 280°. Because of the aliphatic 
amide linking it is very sensitive to fixed alkali. 

Subs, 0.1305 u.6 cc N (24 o’, 771 mm ). Subs, 03092 Mg<As, 0 ;, o 1192 
Calc, for CkH„OjNiAs: N, 1032, As. 1841 Found N, 10.3 ; As, 18.58. 

Sodium Salt ,— The acid was suspended in a small volume of water and 
very cautiously treated with dil. sodium hydroxide solution until jost 
dissolved. The solution was then carefully neutralised to litmus with 
acetic acid and alcohol added until crystallization began. The salt 
! This Journal, 39, 2421 11917). 

* Ibut., 41, 469 (1919) 
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separated as glistening platelets which, after air-drying, contained 2.5 
molecules of water of crystallization and dissolved readily in water. 

Subs., air-dry, 0.3945: Loss, 0.0371 in vacuo at ioo° over H,S 0 4 . 

Ode. for CuHnOiN»AsNa.2.5H,0 HjO, 9.49. Found: 9.40. 

Subs., anhydrous, 0.1489' 12 8 cc N (22.0°, 756 mm.). Subs., 0.2625: 
MgtAsjOr, 0.0936. 

Ode. for CuHuOjNjAsNa- N, 9.79, As, 17.47. Found: N, 9.91: As, 17.21. 

N - (Phenyl ■ 4 - arsonic Acid) - glycyl - 4 - amino - phenylacetureide, 
p - HjOjAsCtH^NHCHiCONHCeHiCHsCONHCONHsfp-). — The very 
sparingly soluble p-chloroacetvlamino-phenylacetylurea, 1 was very slowly 
and incompletely replaced by the reaction product. After 5 hours’ boiling 
the somewhat gelatinous mass was diluted with water and filtered, and 
in order to extract the desired arsonic acid completely the residue was 
placed in a bottle with several hundred cc. of water containing a slight 
excess of ammonia and the mixture shaken in a machine until thoroughly 
disintegrated. Boneblack was then added and the mixture again shaken 
in order to collect the insoluble, gelatinous material. The filtrate was 
heated and acidified with acetic add, causing the separation of the crystal¬ 
line arsonic add. This was converted into the sodium salt by suspending 
in a small volume of warm water and very cautiously treating with dil. 
sodium hydroxide until solution was just complete and the reaction was 
only faintly alkaline to litmus. The filtered solution was warmed and 
treated with alcohol until turbid, the salt separating on cooling as micro¬ 
scopic, hexagonal plates which contained 3 molecules of water of crystal¬ 
lization. The yield was 4.7 g. 

Subs., air-dry, o 4511 * Loss, o 0483 in vacuo at 100“ over H»SOi 

Calc, for CwfbjOnNiAsNa^HiO: H, 0 , 10.27. Found: 10.71. 

Subs., anhydrous, 0.1500: 15.6 cc N (25.0 0 , 758 mm.). Subs., 0.2521: MgiAsjCb, 
0.0815. 

Calc, for CnHuOtNtAsNa N, 11.87; As, 15.88. Found' N, 11.88; As, 15.61. 

On adding acetic add to a hot solution of the sodium salt the free 
arsonic acid separated gradually as plumes of minute hairs which are al¬ 
most insoluble in boiling water or 50% alcohol. It darkens slightly, but 
does not melt below 280°. 

Subs., 0.1538: (Kjeldahl), 1345 cc. 0.1 A HCL 
Calc for CnHuOtNiAs: N, 12.45. Found: 12.25. 

N - (Phenyl - 4 - arsonic Add) - glycyl - 2 - amino - phenoxyacetamide, 
P-HiO^AsCsH^NHCHiCONHCAOCHsCONHj^-).—T he reaction prod¬ 
uct from o-chloroacetylamino-phenoxyacetamide, 2 was dissolved in dil 
ammonia in order to avoid danger of saponification of the amide group. 
The addition of acetic add to the heated filtrate caused the separation 
of the acid as a voluminous mass of microscopic needles which contained 

1 Tam Jootnai,, 39,2434 (1917). 

*IUd., 30,2422 (1917). 
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one molecule of water of crystallization. The yield was 10 g. The 
acid is very sparingly soluble in boiling water and somewhat more so in 
hot 50% alcohol, from which it crystallizes in minute, glistening needles 
on cooling. When anhydrous it decomposes at about 280° with prelim¬ 
inary darkening 

Subs , air-dry, o 0843 Loss, o 0033 in vacuo at 100° over H»SO«. 

Calc, for CuHijO)N«As HtO H, 0 . 4 08 Found 3 90 

Subs, anhydrous, 01370 1195 cc. N (230°, 756 mm) Subs, 03369- 

MgtAsjO-, o 1222 

Calc for CwHjsO«N»A 9 N, 993, As, 1772 Found N, 1002, As, 1750 
N - (Phenyl -4 - arsonic Acid) - glycyi - 3 - amino-phenoxyacetic Acid, 
p-HjOjAsCeH^NHCHiCONHCsHiOCHjCOiHfw-) —In this case the addi¬ 
tion of sodium iodide as a catalyzer was unnecessary 22 g. of arsanilic 
acid were dissohed in 100 cc of N sodium hydroxide solution, 
25 g of m chloroacetylamino phenoxyacetic acid 1 were added and 
the mixture boiled for one hour An oil separated from the dear 
solution on cooling On the addition of hydrochloric add in excess the 
new arsonic acid rapidly crystallized After filtration it was dissolved in 
suffident dil sodium hydroxide solution, diluted to about 500 cc. and 
wanned On adding hydrochlonc acid until congo red paper turned 
color, a finely divided, oily suspension was formed which solidified on 
rubbing, forming radiating masses of microcrystals containing approxi¬ 
mately one molecule of water of 1 rystallization The yield was 28 g. 
The acid is fairly easily soluble m boding water or 50°! alcohol. When 
rapidly heated the anhydrous substance softens at 180-90°, then darkens 
and finally decomposes at about 250-60° 

Subs , air-dry, o 3668 Loss, o 0197 in vacuo at 100° over HjSO, 

Calc for C»HuOjN t As H ,0 H, 0 , 4 07 Found 3 47 

Subs, anhydrous, o 1383 (Kjeldahl), 7 53 cc 0.1 N HC 1 Subs, 0.3019: 
o 1088. 

Calc, for CiiHxrOrNtAs N, 6 60, As, 17 68 Found N, 6 66, As, 17.40 
A-(Phenyl-4-arsonic Acid)glycyl-4-amino-phenoxyacetic Acid.—This 
substance was obtained as in the case of the previously described meta 
isomer, from p-chloroaeetylamino-phenoxyacetic acid. 1 After 30 minutes’ 
boiling the clear solution suddenly set to a thick, crystalline mass, after 
which heating was continued 30 minutes longer on the water bath. The 
jihiduct was dissolved in suffident sodium hydroxide solution, diluted 
to about 500 cc, heated on the water bath, and addified to congo red 
with hydrochloric add. The arsonic add immediately separated as a 
colorless powder, which appeared as minute globules under the micro¬ 
scope. The yield was 30 g. When a hot, dilute solution of the salt (see 
below) is acidified with acetic add the arsonic add gradually separates 

1 This Journal, 41,466 (1919). 

39, *436 
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as aggregates of flat, microscopic needles and platelets. It is practically 
insoluble in hot alcohol, methyl alcohol, or water, but is appreciably 
soluble in boiling 50% alcohol. The acid darkens above 250° but does 
not melt below 285°. 

Subs , 0.1495' (Kjeldahl), 7 05 cc 0.1 N HC 1 . 

Calc, for CuHkOtNjAs: N, 661. Found. 6.59. 

Sodium Salt. —On addition of alcohol to a neutral solution of the arid 
in dil. sodium hydroxide solution until crystallization started, the sodium 
salt separated as glistening, microscopic leaflets which contained 3 mole¬ 
cules of water of crystallization. 

Subs , air-dry, o 5258 Loss, o 0535 tn vacuo at ioo° over HjSOi. 

Calc, for CisHuOjNjAsNai 3 HjO' H5O, 1034 Found 1018. 

Subs., anhydrous, 0.1441 ■ 7 5 cc N (23 o°, 765 mra). Subs, o 3417- 

MgjAsjOi, o 1133 

Calc, for CitHuOiNiAsNaj N, 599, As, 1602 Found N, 605, As, 1602 

N- (Phenyl-4-arsonic Acid)-glycyl-4-amino-phenoxyacetamide. —16 g. 
of p-chloroacetylamino-phenoxyacetamide 1 were employed, using sodium 
iodide. The reaction product which separated during the heating was 
purified by dissolving in dil. ammonia and reprecipitatmg with acetic 
acid. The yield was 16.5 g. The acid separates from hot, dilute solu¬ 
tions of its salts on adding acetic acid as sheaves and plumes of minute, 
flat needles which do not melt below 2S0 0 . It is very sparingly soluble in 
boiling water or 50% alcohol. 

Subs., 0.1433 12.6 cc N (22 o', 747 mm ). 

Calc, for CuHuO»NiAs N, 9 93. Found 10.01. 

Sodium Salt —As the amide group is rather sensitive to fixed alkali, 
sodium carbonate was used to dissolve the acid suspended in a small 
volume of hot water. The sodium salt began to separate on cooling and 
was more completely precipitated by adding sodium acetate solution. 
Recrystallized from water it formed long, flat, microscopic needles con¬ 
taining 5 molecules of water of crystallization. 

Subs., air-dry, 1 3832 Loss, o 2362 in vacuo at 100° over HjSO,. 

Calc, for CieHnOtNjAsNa sHjO H» 0 , 1683 Found- 1708 

Subs., anhydrous, 02846 fKjeldahl), 193 oc. 0.1 N HC 1 Subs.. 0.2936: 
MgjAsjOr, 0.1010. 

Cade, for CuHnO.IJ.AsNa N, 9.44, As, 16.84. Found, N, 9.50; As, 16.60. 

N - (Phenyl - 4 - ar sonic Acidjglycyl - 4 - amino - phenoxy acetyl urea, 
P-HjOjAsCsH.NHCH tCONHC«H.OCH*CONHCONHj(p-). — 5.8 g. of 
the almost insoluble p-chloroacetylamino-phenoxyaoetylurea l were 
gradually replaced by the new arsonic acid. After 4 hours the filtered 
product was suspended in warm water and sodium carbonate added until 
the arsonic acid was completely extracted from tin insoluble residue and 

1 Tbib Journal, 39, 2423 (1917). 

* OU; 39 , 3435.8436 (1917). 
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the solution remained just alkaline to litmus. The use of sodium hy¬ 
droxide was avoided owing to the lability of the ureide group. The 
insoluble residue was collected with boneblack and the clear filtrate 
salted out with sodium acetate. After standing in the refrigerator the 
filtered salt was washed with 20% sodium acetate solution and then 
85% alcohol, and purified by dissolving in a small volume of warm water 
and treating with two volumes of alcohol. On cooling the sodium salt 
gradually separated as aggregates of microscopic needles containing 4 
molecules of water of crystallization. The yield was 4,5 g. 

Subs, air-dry, 0.3254 Loss, 00419 in vacuo at 100° over HiSO, 

Cole, for CuHuOrNtAsNa 4 HjO H, 0 , i 2 86 Found 11 88 
Subs., anhydrous, 0.1301 130 cc. N (250°, 766 mm). Subs., 0.1479- 

MgjAsjOr, o 0467. 

Calc for CnHisOjNiAsNa N, 11.48, As, 15 16 Found N, 11 54; As, 15 24 
On adding acetic acid to a hot, dilute solution of the salt the arsonic 
acid separated as rosets of microscopic needles which contained j molecule 
of water of crystallization. The anhydrous acid slowly decomposes at 
about 290 0 with preliminary darkening, and is very difficultly soluble in 
boiling water or 50% alcohol. 

Subs , air-dry, 0.4852. Loss, 0.0071 m vacuo at 100° over HtSO ( 

Calc, for CufLiO-NtAs 0.5H1O HjO, 1.89. Found 146. 

Subs , anhydrous, 0.1580. (Kjeldahl), 1345 cc 0.1 A’ HCI 
Calc, for CnHuOiNiAs N, 1202. Found. 1192 
N- (Phenyl-4-ar sonic Acid'jglycyl -3 - methyl - 4 - amino-phenoxyacetic 
Acid, /i-HjOjAsQHiNHCHjCONHCiHjCCH^OCHiCOsH(<?./>-).— 4.4 g. of 
arsanilic acid, dissolved in 20 cc of A’ sodium hydroxide solution, and 
5.2 g. of 3-methyl 4-chloroacetylammo-phenoxyacetic acid 1 yielded a 
clear solution on boiling. On chilling after one hour an oil separated and 
slowly crystallized. A solution of the crude substance in dil. sodium 
hydroxide was warmed and acidified with hydrochloric acid to congo red, 
after which the small amount of flocculent precipitate carrying coloring 
matter was rapidly filtered off. On cooling and standing 3 g. of the 
arsonic acid slowly separated as a crust on the sides of the vessel. For 
analysis it was recrystallized from a small volume of 50% alcohol. As 
so obtained the substance decomposes from 250-260° with preliminary 
sintering. The acid is difficult to obtain in well-defined crystals as it 
ehsily forms supersaturated solutions, crystallizes very slowly, and sepa¬ 
rates as a gum when rapidly thrown out of solution. When a dilute 
solution of the sodium salt described below is acidified with acetic add 
the substance separates very gradually as warty aggregates of micro¬ 
scopic needles which decompose at 270° with preliminary darkening. 
It is appredably soluble in methyl alcohol and in boiling water and readily 
in hot methyl or ethyl alcohol. 

1 This JouaxAL, 3®, 2201 (1917). 



1636 WALTER A. JACOBS AMb MICHAEL HEIDELBERGER. 

Subs., 0.2008: (Kjeldahl), 9.08 cc. 0.1 N HC 1 . Subs., 0.1802: MgiAs»Oi, 0.0660. 

Calc, for CuHiiOiNjAs: N, 6.39: As, 17 12. Found: N, 6.33; As, 17.68. 

Sodium. Salt .—When a hot, neutral solution of the acid in a small 
volume of sodium hydroxide solution was treated with alcohol it yielded 
an oil which gradually crystallized on cooling and standing, while well- 
defined needles slowly separated from the supernatant liquor. The salt 
obtained in this way contained water of crystallization but the amount 
was not determined. It is easily soluble in water. 

Subs., anhydrous, 0.3198: (Kjeldahl), 13.4s cc. 0.1 N HC 1 ; MgjAsjO?, 0.1040. 

Calc, for CitHiiOjNiAsNat- N, 5 Si, As, 1554- Found. N, 5.89; As, 15.69. 

N - (Phenyl - 4 - arsonic Acid)glycyl - 3 - amino - benzenesulfonamide, 
fi-HiOsAsCeHiNHCHiCONHCeHiSOsNIlsCw!-).—Equivalent amounts of 
sodium arsanilate, m-chloroaeetylamino-benzenesulfonamide, 1 and sodium 
iodide in 50% alcohol yielded a clear solution after several hours’ boiling, 
from which the reaction product crystallized on cooling and nibbing. 
The collected product, after solution in dil. ammonia, was precipitated 
by acetic acid as Sat, glistening, microscopic noodles, often grouped in 
resets. 21.5 g. of the chloroaeetyl compound yielded 25 g. of the arsonic 
add. It decomposes at about 265° with preliminary darkening and is 
difficultly soluble in boiling water or 50% alcohol. 

Subs., o 1755. 15 cc. N (23.0°, 756 mm.). 

Calc, for CnH le O»NiSAs: N, 9.79. Found 9 81 

A-(Phenyl -4 - arsonic Acid)glycyl - 4 - amino - benzenesulfonic Acid, 

p-H203AsCbH4NHCH 2 C0NTIQH,S0 2 H(p-).—16.5 g. of arsanilic add were 
dissolved in 75 cc. of N sodium hydroxide solution and 25 g. of sodium 
chloroacetyl-sulfanilate 2 were added. After boiling the mixture for 30 
minutes and cooling, the resulting clear solution was treated with an 
excess of hydrochloric add. The arsonic acid separated on rubbing and 
was filtered off and washed with 10% hydrochloric acid. Rcprccipitated 
from solution in dil. ammonia with hydrochloric acid, the pure arsonic 
add separated slowly as fiat, lustrous needles. The yield was 20 g. The 
add is appredably soluble in cold water, but less so in 1 o[, hydrochloric 
add solution. It is readily soluble in hot water, from which it separates 
on cooling as aggregates of minute, flat needles which contain two mole¬ 
cules of water of crystallization. It is sparingly soluble in alcohol and 
practically insoluble in acetone. The anhydrous substance slowly softens 
and decomposes at 245-6°. 

Subs., air-dry, 0.8815: Loss, 0.0683 ** vacuo at 100° over H s SO,. 

Calc, for Ci,Hu0;N,SAs.2H,0: HiO, 7.73. Found: 7.75. 

Subs., anhydrous, 0.1537. (Kjeldahl), 7.14 cc, 0.1 N HQ. Subs., 0.3036: 
MgjAstCL, 0.1076. 

Calc, for CiiH„OiNjSAs: N, 6.51; As, >7.43. Found: N, 6,jo; As, t7.1t. 

1 This Journal, 39, 2429 (1917). 

•Ibid., 41,470 (1919)- 
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A r -(Phenyl-4 -arsonic Acid)glycyl-4-amino-t>enzenesulfonamide. — The 
product from 21.5 g. of p-chloroacetylamino-benzenesulfonamide 1 in the 
presence of sodium iodide, was dissolved in dil. ammonia. On acidifica¬ 
tion of the hot, dilute solution with acetic acid the new arsonic acid rapidly 
separated as colorless aggregates of thin, microscopic leaflets and needles. 
The yield was 30 g. The acid is insoluble in boiling water or 50% alcohol, 
and on rapid heating sinters slightly, but does not melt below 280°. 

Subs., 0.1374: n .6 cc. N (20 0°, 769 mm ) Subs . o 3019 MgiAsjO,, o 1078. 

Calc, for CuHnO < N l SAs. N, 9 79, As, 17.45 Found - N, 9 95, As, 17.23. 

N- (Phenyl-4-arsonic Acid)glycyl- 4 -amino- 6 -hydrorybenzenesulfomc 
Acid, p-HjO,AsCtH,NHCH 5 CONHC,H,(OH)S 0 8 H(m,p-).—22 g. of 
arsanilic acid in too cc. of N sodium hydroxide solution and 30 g. of the 
sodium salt of 4-chloroacetylamino-6-hydroxybenzenesulfonic acid 1 were 
boiled for 30 minutes and the clear solution then chilled and treated with 
25 cc. of cone, hydrochloric acid. On scratching and standing in the 
refrigerator the reaction product crystallized and was filtered off and 
washed with*io% hydrochloric acid. The crude substance was suspended 
in water, treated with sodium acetate solution until completely dissolved, 
wanned, and the solution then treated with cone, hydrochloric acid until 
a concentration of about io f , 0 hydrochloric acid was reached. On cooling 
the arsonic add slowly separated as a thick crust of crystals which was 
washed with 10 % hydrochloric acid and then with ice water. The yield 
was 25 g. The acid separates with approximately 1.5 molecules of water 
of crystallization and is fairly readily soluble in water at ordinary tem¬ 
peratures, but like many sulfonic acids it is less soluble in dil. hydrochloric 
add. It separates from hot water on thorough chilling as microscopic 
leaflets and is difficultly soluble in hot alcohol, methyl alcohol or acetic 
add. In alkaline solution it couples readily with diozotized sulfanilic 
add. The anhydrous substance softens and darkens above 200°, but does 
not melt below 275 °. 

Subs., air-dry, 0.7833: Loss, 0.0488 m vacuo at joo° over HjSO,. 

Calc, for Ci«H„ 0 «NiSAs.i jIIjO HjO, 5 71. Found: 6.23. 

Subs, anhydrous, 0.2022' (Kjeldahl), 9.25 cc. 0.1 N HC 1 . Subs., 0.2258: 
MgjAsjCh, 0.0798. 

Calc, for CxHitOiNtSAs; N, 6.28; As, 1681. Found: N, 6.40; As, 17.06. 

* iV-(Phenyl-4-arsonic Acid)glycyl-4-amino-acetophenone, p-H» 0 »AsC«- 
HiNHCHjCONHCs^COCHjCp-).—4.3 g. of p-chloroacetylamino-aceto- 
phenone* with sodium iodide yielded 4 g. of the crystalline arsonic add, 
after purification in the usual manner. The add separates from hot, 
dilute solutions of its salts on addition of acetic add as long, fine hairs 

1 Tara Journal, 39,2429 (1917). 

• Ibid ., 41,471 (1919). 

• Ibid., 41,469 (1919). 
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which do not melt below 280°. It is almost insoluble in boiling water 
and but sparingly so in hot 50% alcohol. It dissolves in cone, sulfuric 
add with a yellow color. 

Subs., 0,1538: 9.6 cc. N (25.5 0 , 768 mm.). Subs., 0.3164: MgjAsiOr, 0.1240. 

Calc, for CisHkOsNjAs: N, 7.15; As, 19.10. Found: N, 7.22; As, 18.91. 

(B) Derivatives of o Arsanilic acid. 

N - (Phenyl - 2 - arsonic Acid! glycine anilide oH 2 0 3 AsCsH 4 NHCH;- 
, CONHCeHs.—This substance was prepared in the same way as the 
^-derivative from o arsanilic acid 1 and ehloroacetanilide. The arsonic 
add separated slowly on standing, and precipitation was completed by 
diluting the reaction mixture. The crude product was ground up with 
dll. hydrochloric acid and recrystallized from 50 ', alcohol, crystallizing 
on seeding as radiating masses of minute prisms with one molecule of 
water of crystallization. The yield equaled the amount of o-arsanilic acid 
used. The anhydrous substance softens at 158°, melts at 160-3° with 
slow gas evolution, and dissolves very easily in boiling yc/,,' alcohol, 
although sparingly in the cold. It is very difficultly soluble in boiling 
water and also in cold acetic acid, but dissolves readily in the latter on 
warming. It is also easily soluble in cold methyl alcohol, less readily 
in ethyl alcohol. 

Subs., air-dry, 0.6579 Loss, 0.0363 in vacuo at 100“ over HjSO, 

Calc, for C»Hu, 0 4 NiAs.HiO: HiO, 4.89. Found. 5.52. 

Subs., anhydrous, 0.2171: (Kjeldahl), 12.25 cc o 1 N HC 1 . Subs., 03047: 
MgiAsjCb, 0.1364. 

Calc, for CnHisCLNjAs: N, 8.00; As, 21 39. Found N, 7.91; As, 21.60. 

7V-(Phenyl-2-ar sonic Acid)glycyl-2-aminophenol.-- 22 g. of o-arsanilic 
acid and 19 g. of o-chloroacetylatnino-phenol in 200 cc. of 0.5 A r sodium 
hydroxide solution were boiled for '/* hour. On cooling the clear solution 
deposited an oil, part of which dissolved on rendering the mixture ammo- 
niacal, leaving a copious residue of n-amino-phenoxyacetic anhydride. 5 
On acidifying the filtrate with hydrochloric acid the oil which first sepa¬ 
rated was soon followed by crystals, and on standing in the ice-box the 
entire product crystallized. The crude substance was dissolved in dil. 
ammonia and the solution then acidified faintly with acetic acid and 
treated with boneblack. On adding hydrochloric acid carefully to the 
hot filtrate until just acid to congo red the arsonic acid separated as 
beautiful balls of glistening needles which soon filled the liquid. The 
yield was 8 g., containing 0.5 molecule of water of crystallization. When 
anhydrous it melts and decomposes at 151-3 From hot water, in which 
it is but sparingly soluble, it separates on cooling as long, silky .needles. 
It is fairly readily soluble in cold alcohol or methyl alcohol and easily 

1 This Journal, 40,1583 (1918). 

5 Cf. the F-arsonic add, p. 1621. 
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90 in hot 50% alcohol. An alkaline solution couples readily with diazotize 
sulfanilic acid. 

Subs., air-dry, o 745c Loss, o 0197 in vacuo at 100° over HtSO, 

Calc, for CwHuOsNaAs.o jH ]0 H, 0 , 2.40. Found 2.64. 

Subs., anhydrous, 0.2520 (Kjeldahl), 14.0 cc. o 1 N HC 1 Subs, 02734- 
MgjAstOr, 0.1178. 

Calc, for CuHrsOiNjAs N, 7 66; As, 20.48. Found N, 7 78, As, 20 79 
A r -(Phenyl-2-ar sonic Acid)glycyl-3-aminophenol. —22 g. of c-arsanilic 
add dissolved in 100 cc. of A r sodium hydroxide solution and iy g. of 
w-chloroaeetylamino-phenol 1 were boiled for 30 minutes. On cooling a 
deep red oil separated, but on adding hydrochloric acid until acid to 
Congo red, it crystallized on rubbing. The substance was then filtered 
off, washed with water, suspended in a small volume of water, and dis¬ 
solved by the addition of ammonia On rendering slightly acid with acetic 
acid the deep colored solution deposited a dark, gummy precipitate which 
was collected in the cold with boneblack and filtered. The filtrate was 
then heated with boneblack, which removed most of the color. A pink 
color still persisted in the filtrate, a property which all of the substances 
derived from w-chloroacetylamino-phenol have shown. The filtrate was 
diluted to alwut 500 ec., heated, and then treated with hydrochloric acid 
until congo red turned color, causing the momentary separation of an oil 
which on stirring rapidly crystallized, forming bundles of pink micro¬ 
scopic platelets which when air-dried contained approximately two mole¬ 
cules of water of crystallization and melted at 103-5 °. The yield was 
17 g. When anhydrous the substance softens at about x 25-30 0 and 
melts completely with decomposition at a lx >ut r8o°. It is readily soluble 
in alcohol, methyl alcohol, acetic acid and hot water, and in alkaline 
solution couples readily with diazotized sulfanilic acid. 

Subs., air-dry, 0.6155. Loss, 0.0590 in vacuo at 100° over HjSO« 

Calc, for CuHuCHNiAs rHjO H( 0 , 896. Found- 959. 

Subs., anhydrous, 0.2355: (Kjeldahl), 12.5s cc. 0.1 -V HC 1 . Subs., 0.3123: 
MgiAstOi, 0.1362. 

Calc, for CuHuOiNjAs: N, 7 66; As, 20.48. Found. N, 7.46, As, 21.04. 

N - (Phenyl - 2 - ar sonic Acid)$ycyl - 4 - amino phenol.—Equimolecular 
quantities of o-arsanilic acid and p -chloroacety lamino-phenol yielded a dark 
colored solution from which an oil separated on cooling. This slowly safidi- 
§ed, especially after making definitely acid to congo red with hydro¬ 
chloric acid. After standing in the ice-box the product was filtered off, 
washed, dissolved in dil. ammonia and the solution faintly acidified with 
acetic add and treated with boneblack. On addifying the hot filtrate 
to congo red with hydrochloric acid the arsonic acid again separated as 
an oil which soon crystallized. This substance was again dissolved in 
diL ammonia and the solution addified with acetic add and again treated 

* Tib* Jwxhal, 3911442 (1917). 
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with boneblack to remove the color which still persisted. On diluting 
the filtrate to about 300 cc., heating, and adding hydrochloric add until 
congo red paper just turned and as long as the oily emulsion which momen¬ 
tarily formed redissolved, the arsonic acid separated on scratching as a 
heavy powder, consisting of short, colorless, microscopic platelets. The 
filtered substance was washed with water. The yield was 16 g. from 22 g. 
of o-arsanilic add. When rapidly heated the acid darkens and then mdts 
and decomposes at 208-9°. It is very sparingly soluble in boiling water 
and easily in boiling methyl alcohol or 50% alcohol. 

Sabs., 0.2331: (Kjeldahl), 12.9 cc. 0.1 N HC 1 . Subs.. 0.2950: MgjAsjOj, 0.1255. 

Calc, for CuHiiOtNjAs' N, 7 66; As, 20.48 Found: N, 7.75; As, 20.53. 

(C) Derivatives of wi-Arsanilic Acid. 

/^-(Phenyl-s-arsonic Acidjglycineanilide.—(From wi-arsanilic acid 1 and 
chloroacetanilide). On diluting the reaction mixture with water and render¬ 
ing add to congo red with hydrochloric acid the crystalline arsonic add was 
gradually deposited. This was recrystallized first from 50% alcohol and 
finally from glacial acetic add, separating from the latter as rosets of 
minute, cream-colored prisms which apparently contained solvent of 
crystallization. When rapidly heated to 215° and then slowly the dried 
substance darkens, then softens, and finally decomposes at 217-18°. 
It is rather sparingly soluble in hot water, but dissolves readily in hot 
50% alcohol or acetic acid and is appreciably soluble in cold 95% alcohol. 

Subs., 0.2422: (Kjeldahl), 14 25 cc. o I N HC 1 . Subs., 0.2857: Mg«As, 0 ?, 0.1267. 

Calc, for C, ( HuO»NiAs N, 8.00; As, 21.39. Found. N, 824; As, 21.40. 

A'-(Phenyl-3-arsoiiic Acid)glycyl-2-aminophenol.—Although the reac¬ 
tion between w-arsanilic acid and o-chloroacetylamino-pbenol was accom¬ 
panied by the formation of 0 -amino-phenoxyacetic anhydride, as in the 
case of p- and o-arsanilic acids, the amount of anhydride was much less 
than that formed when the isomeric acids were used. Consequently 
the yield of the complex arsonic acid was much greater than in the case 
of the 0- or p-arsanilic acid. 

The reaction mixture from 22 g, of nj-arsanilic arid and i9g- of c chloro- 
acetylamino-phenol yielded an oil on cooling which redissolved on render¬ 
ing the mixture ammoniacal, leaving about 3 g. of oaminophenoxyacetic 
anhydride. The filtrate was acidified to Congo red with hydrochloric 
arid, causing the deposition of a viscous oil which slowly crystallized 
on rubbing and letting stand. After standing for 24 hours in the re¬ 
frigerator the crude substance was filtered off and washed with water. 
The deep colored solution of this product in dil. ammonia was neutralized 
with acetic arid and treated with boneblack. The still colored filtrate 
was diluted to about 300 cc., heated on the water bath, and then treated 
with hydrochloric arid until congo red turned color. On scratching and 

1 Taro JooauAL, 4«i 1583 (1918). ' 
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keeping sufficiently warm the substance slowly crystallized as almost 
colorless, flat, microscopic needles. If allowed to chill it separated first 
as an oil carrying coloring matter with it. If properly heated and with 
constant manipulation with a rod crystallization was almost complete 
in about 15 minutes. 

After cooling it was filtered off and washed with water. The yield was 
21 g. When rapidly heated to 185°, then slowly, the arsonic acid darkens 
and softens, finally melting and decomposing at 190-2° It is sparingly 
soluble in cold water, more easily on boiling, and on cooling it again 
separates very slowly and incompletely. It is somewhat soluble in the 
cold in 50% or 95Of. alcohol, more easily on warming, and also dissolves 
in cold methyl alcohol or boiling acetic acid. A solution of the acid in 
strong ammonium acetate solution slowly deposits the ammonium salt 
as minute needles. Although hydrochloric acid precipitates the acid 
fairly completely from its salts as a gummy mass, an excess of acetic acid 
causes ito immediate precipitate. However, on long standing the free 
arsonic acid separates slowly and incompletely from such solutions as a 
crust of broad, microscopic needles. 

Subs., 0.1835. (Kjeldahl), 1035 cc 01 N HC 1 . Subs., 0.3004: M giAsjOj. 
0.1283. 

Calc, for CmHuOiNjAs- N, 7.66; As, 2048. Found- N. 7 90; As, 2057. 

A'-(Phenyl-3-arsonic Acid )glycyl-3-aminophenol.—26.4 g. of m-arsanilic 
acid and 23 g. of m -chloroacetylamino-phenol ridded a purple oil which 
slowly crystallized on scratching. Attempts at purifying this substance 
by the usual method of reprecipitating the acid from its solution in dil. 
alkali by either acetic or hydrochloric acid were unsuccessful since the 
compound easily formed supersaturated solutions from wliich it separated 
extremely slowly, usually as highly colored, amorphous flocks. The sub¬ 
stance was best purified by dissolving in hot 50^ acetic acid and treating 
wfith boneblack, most of the purple color still persisting in the filtrate. 
On standing in the refrigerator the acid gradually separated as a thick 
crust of crystals which carried down the color with them. The yield was 
27.5 g. A futher recrystallization was then attempted from 50% alcohol, 
the solution depositing the substance slowly as a light purple powder 
consisting of minute, irregular platelets and flat needles containing ap- 
% proximately 1.5 molecules of water of crystallization. When rapidly 
heated to 150° the anhydrous substance gradually sinters to a tar which 
decomposes at about 180-90°. In the cold it is more soluble in methyl 
alcohol than in the other solvents, but is fairly easily soluble in hot water, 
more so in hot alcohol, acetic acid or in these solvents when diluted. 
It is practically insoluble in acetone, benzene or ether. 

Subs., air-dry, 0.3468: Loss, 0.0310 in hou at ioo° over HtSO,. 

Calc, for Ci<H u 0tN»As.i.5H > 0: HjO, 6.87. Found: 6.06. 
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Sobs., anhydrous, 0.1607: (Kjeldahl), 8.95 cc. o.t N HC 1 . Subs., Q.2531: 
MgsAssOi, 0.1058. 

Calc, for CuHisOsNjAs N, 7.66; As, 20.48. Found: N, 7.80; As, 20.18. 

.V-(Pb.enyl-3-arsonic Acid)glycyl-4-aminophenol.—The almost colorless 
oil obtained from 22 g. of m-arsanilic acid and 19 g. of p-chloroacetyl- 
amino-phenol could not be made to crystallize directly and was therefore 
dissolved by adding an equal volume of cone, hydrochloric acid to the 
reaction mixture, with chilling. On scratching, the clear solution de¬ 
posited the hydrochloride of the arsonic acid as minute needles, the 
mixture setting to a thick mass after several hours. After filtering off, 
the hydrochloride was washed with 1 : 1 hydrochloric acid and was then 
suspended in water and dissolved by the addition of ammonia. The 
warm solution was treated with hydrochloric acid until acid to congo red, 
causing the partial separation of the substance as an oil which gradually 
crystallized on scratching. After standing in the refrigerator it was 
filtered off and washed with ice water. The yield was 21 g. When 
recrystallized from a small volume of hot water, in which it readily dis¬ 
solves, it separates on rapid chilling as a milky emulsion which then very 
slowly crystallizes, partly as a hydrate. But if allowed to cool very 
slowly it separates gradually as microscopic platelets which are anhydrous. 
When rapidly heated the arsonic acid starts to sinter and darken above 
170° and when held at 180° slowly shrinks together and decomposes. 
It is sparingly soluble in cold water but dissolves readily in the boiling 
solvent. It is easily soluble in hot alcohol, appreciably so in cold methyl 
alcohol, and but sparingly soluble in hot acetone. It dissolves in warm, 
dil. hydrochloric acid and on addition of the stronger acid it is converted 
into the hydrochloride, which separates slowly on rubbing. 

Subs., 0.1527: (Kjeldahl), 8.47 cc. o. 1 N HQ. Subs., 0.3042: Mg*As,Oj, 0.1308. 

Calc, for CuHuOiNjAs: N, 7.66; As, 20.48. Found: N, 7.77; As, 20.75. 

(D) Derivatives of Substituted p-Arsanilic Acids. 

A/-(2-Methylphenyl-4-arsonic Acid)glycyl- 3 -aminophenol. —30 g. of the 
sodium salt of o-methylarsanilic acid (from o-toluidine) and 17 g. of 
w-chloroacetylamino-phenol, yielded an oil which rapidly crystallized 
oa acidifying the mixture to Congo red with hydrochloric acid. After 
dissolving the product in dil. ammonia and acidifying the solution with 
acetic add, 17 g. of the pure arsonic add separated as long, flat, micro¬ 
scopic needles. When heated to 285° the acid darkens and slowly de¬ 
composes. It is practically insoluble in boiling water, but is appreciably 
dissolved by hot 50% alcohol. An alkaline solution couples readily with 
diazotized sulfanilic add. 

Subs., 0.1338: 8.6 cc. N (28.5°, 763 nuu.). Subs., 0.2934: MgiAstO,, 0.1182. 

Calc, for CuHitOaNjAs: N, 7 37; As, I9-72- Found: N, 7.3!; As, 19.50. 

A r -(3-Methylphenyi-4-ar8onic Acid)glycyl-4-Aniku>^ienol.— This sub- 
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stance was obtained exactly as in the case of its isomer and in about the 
same yield. On acidifying a hot solution of the arsonic acid in dil. ammonia 
with acetic acid the free acid separates as microscopic, spindle-shaped 
needles. 'When rapidly heated it decomposes at 232-3 0 with preliminary 
darkening. It is very sparingly soluble in boiling water and slightly 
more soluble in hot 50% alcohol. 

Subs., 0.13:3: 8.6 cc. N (28.0°, 761 mm.). Subs., 0.3246: MgjAsjCb, 0.1347. 

Calc for CuHnOiNjAs: N, 737; As, 1972. Found: N, 7.44; As, 2001. 

A'-(3-Methylphenyl-4-arsonic Acid)glycyl-3-aminophenol.—This sub¬ 
stance was obtained as in the case of the two previously described com¬ 
pounds, starting with 2-methyl-4-amino-phenylarsonic acid. 1 Acetic 
acid slowly precipitates the compound from hot ammoniacal solution as 
aggregates of spindle-shaped micro-crystals. When rapidly heated it 
decomposes at 232-5° with preliminary' softening and darkening. It is 
very sparingly soluble in boiling water or alcohol, more readily in hot 
50% alcohol. An alkaline solution couples readily with diazotized sul- 
fanilic acid. 

Subs,01682 :o6cc N (21.0°, 755 mm.) Subs.. 0.3100 MgiAsiOj, o 1275. 

Calc for CuHitOiNiAs N, 737; As, 19.72. Found. N, 728; As, 1984. 

N - (2 - Carboxyphenyl - 4 - arsonic Acidiglycyl - 3 - aminophenol, 
o,p-HO s C(H I O s As)C«H,NHCH2CONHC«H,OH(m-).—10 g. of 3 carboxy- 
4-amino-phenylarsonic acid, 2 were dissolved in 80 cc. of N sodium hy¬ 
droxide solution (about 2 mols), then treated with 20 cc. of 2 N acetic 
add and 8 g. of w-chloroacetvlamino-phenol, and the mixture boiled 
for one hour. The reaction was apparently fadlitated by the presence of 
the sodium acetate as buffer, since without the addition of acetic add the 
solution would have reacted alkaline and decomposed the chloroacetvl- 
atnino-phenol. On acidifying the clear, chilled solution with hydro¬ 
chloric acid the reaction product crystallized. This was purified by re- 
dissolving in dil. sodium hydroxide, rendering faintly acid with acetic 
acid and adding boneblack in the cold to collect a small amount of floccu- 
lent material. The filtrate was wanned and then treated with an excess 
of acetic acid, the arsonic acid separating on scratching as thin, minute 
platelets. After washing with water and air-drying, the yield was 6 g. 
The acid separates with one molecule of water of crystallization and is 
practically insoluble in boiling water. It is somewhat soluble in hot 
alcohol or 50% alcohol and dissolves fairly readily in boiling methyl 
alcohol or glacial acetic acid. When rapidly heated the anhydrous sub¬ 
stance darkens and swells, then decomposes at 204-7 °. An alkaline solu¬ 
tion couples readily with diazotized sulfanilie add. 

1 This Journal, 40, 1588 (1918). 

1 Kahn and Benda, Ber., 41, 3862 (1908). 
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Subs., air-dry, 0.5776* Loss, 0.0236 in vacuo at 100“ over H»SO«. 

Caic. for CuHmOjNjAs.HjO: HjO, 4.2 j. Found: 4.09. 

Subs., anhydrous, 0.1441: (Kjeldahl), 7.1 cc, 01 N HC 1 . Subs., 0.3292: 
MgjAsjOi. 0.1231. 

Calc, for CisH«OrN«As. N, 683; As, 1828, Found. N, 6.90; As, 18.03. 

Nsw York, N Y 


[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF HARVARD UkTVBRSITV. ] 

STUDIES m THE CYCLOPROPANE SERIES. Vm. NITRO- 
CYCLOPROPANE DERIVATIVES. 

By E P Kohler and H E Williams 

Receued June 27, 1919 

In continuation of the work reported in the preceding paper of this 
series, 1 we have studied another nitro-cyclopropane derivative in the 
hope that a substance which would give more sparingly soluble products 
would enable us to isolate some of the intermediate compounds that 
baffled us in the earlier work We selected for the purpose p-bromo- 
benzoyl-phenyl-nitro-cydopropane, 

C 4 H, — CH — CHCOC«HiBr 

\/ 

CHNOj 

This nitro compound was made without much trouble by the method 
which had been developed for the bromine-free analog. It has 3 dis¬ 
similar asymmetric carbon atoms and 3 of the 4 possible stereoisomers 
were isolated in the course of the investigation. The structure of all 
of these is established by the fact that with various reagents they give 
products in which the carbon chain is not the same, showing that they 
are formed by opening a cyclopropane ring at different points. 

On cautions reduction with zinc and alcohol all of the isomeric cyclo¬ 
propane derivatives give the same substance that is obtained by addition 
of nitromethane to benxal-aceto-p-bromophenone. The ring is, there¬ 
fore, opened between the carbon atoms holding the nitro- and p-bromo- 
benzoyl groups 

C.H, — CH — CHCOC(H,Br C,H t — CH — CH,COC,H»Br 

\/ + 2H « | 

CHNOj CH,NO, 

The isomeric cyclopropane derivatives also combine very readily with 
the halogen adds but the ring is opened at a different point: 

C.H, — CH — CHCOC,H 3 r 

\ / + HX =< C»H(CHXCHNO,CH,COCtH*Br 

CHNO, 

The reactions of the resulting halogen nitro compounds leave no doubt 
as to their structure. Thus the chlorine compound, when treated with 



NITKOCYCIvOFROPANB dskivativbs. 


i «45 


cold potassium acetate, loses nitrous add and forms an unsaturated 
chlorine compound, which gives benzoyl chloride on oxidation with ozone: 
C*H»CHClCHNOjCHiCOC«H,Br — HNO s - C,H,CC 1 - CHCK.COC.H 3 r 
C,H,Ca » CHCH.COC.U.Br —► C,H,C 0 C 1 -f BrC*H,C 0 2 H + H z 0 -f aCO, 
The more sensitive bromine compound loses hydrobromic add more 
easily than nitrous add, therefore forms an unsaturated nitro compound 
which gives benzaldehyde when oxidized. When boiled with alcohol 
alone it loses nitrous as well as hydrobromic acid. The result is a furane 
derivative, 

CH = C — 0 »H<Br 

C,H i CHBrCHN 0 1 CH,C(>C.H.Br = j ^>0 + HBr + HNO, 

CH = C — C*H, 

It is worthy of note that while these halogen nitro compounds have re¬ 
active hydrogen and halogen in the i ,3-relation they invariably give ethyl-, 
ene and not cydopropane derivatives when halogen acid is eliminated. 

The isomeric cydopropane derivatives are also attacked by bromine. 
The prindpal product is an «, vdibromo compound, 

C.H.CH — CHCOC.H, 

\ / + Br, - C«H,CHBrCHNO.CHBrCOC«H, 

CHNOj 

It is possible that this substance may be due to substitution of bromine 
in the ot-position and addition of the resulting hydrogen bromide to the 
bromo cydopropane thus formed, but no trace of such a bromo compound 
could be found among the products 

The reaction of the cyclopropane derivatives which it is most difficult 
to interpret is that which takes place with alkalies. The final product, 
like that of the same reaction with the bromine free analog, is a ^-diketone, 
C.H.CH — CHCOC,H,Br 

\ / + NaOH - NaNOj + C 4 H,CH J COCH ! COC,H,Br. 

CHMH 

This diketone is manifestly formed as a result of a number of successive 
reactions. By using concentrated sodium methylate we succeeded in 
isolating an unsaturated methoxyl compound which readily gives the 
diketone on hydrolysis, 

C«H|CH — CHCOC,H 3 r 

\ / -f NaOCH, - C.H,CH,C CHCOC*H,Br + NaNO, 

CHNOj | 

OCHi 


It is possible that this is an intermediate product; but it seems more 
probable that both the methoxyl compound and the diketone are formed 
from an intermediate acetylenic ketone. In order to reach a definite 
conclusion, it will be necessary to find a method for detecting an acetylenic 
ketone in solutions. 
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Experimental Part. 

•y-Nitro-S-phenyl-propyl-(4-bromophenyl) Ketone, CH*(NQ*)CH- 

(CeHsKHsCOCeHJlr.—The saturated nitro-ketone that served as the 
starting point in the investigation was made by adding sodium nitro- 
methane to «-phenyl-y-(4-bromophenyl) propenone and acidifying the 
product. This reaction always gives two substances, one of which corre¬ 
sponds to the condensation of a molecule of nitro compound with one, 
the other with two molecules of the unsaturated ketone. In as much as 
the sodium compound formed by the addition of sodium nitromethane 
to the unsaturated ketone is more soluble than either sodium nitro¬ 
methane or the unsaturated ketone, it is impossible to prevent the forma¬ 
tion of considerable quantities of the “dimolecular” product. The fol¬ 
lowing procedure gave the most satisfactory yield of the monomolecular 
compound. 

A finely divided suspension of sodium nitromethane was made by 
adding 15 g. of nitromethane to a solution of 5 g. of sodium in 75 cc. of 
95% alcohol and shaking vigorously until all lumps were broken up. 
The suspension was added rapidly to 58 g. of unsaturated ketone sus¬ 
pended in 150 g. of alcohol previously wanned to 60 °. The mixture 
warmed up on shaking and the solid gradually disappeared. The result¬ 
ing yellow to orange colored solution was immediately cooled in ice water 
and acidified with glacial acetic acid. By adding the acid drop by drop 
and stirring vigorously it was possible to get a coarsely crystalline product 
which was easily purified by thorough washing with water and alcohol 
and recrystallization from alcohol and benzene. The yield of pure sub¬ 
stance was 879c- 

The yield was not improved by using absolute methyl or ethyl alcohol. 
It fell to below 50% when the condensation was carried out in solution, 
or when the sodium nitromethane was added gradually, the principal 
product being the dimolecular compound. The yield is also less when 
the solution of sodium salt is acidified rapidly because a mixture of mono- 
and dimolecular products is precipitated as an oil. This later solidifies 
but the losses during purification are greater. 

The nitro ketone crystallizes in small needles and melts at 101-2 0 . 
It is not very soluble in ligroin and alcohol, but dissolves readily in ether, 
chloroform, acetone and benzene. 

Calc, for CwHuOjNBr: Br, 23.0. Found: Br, 23.3, 23.0. 

The semicarbazone of the nitro ketone is sparingly soluble in alcohol, 
moderately in acetone and in benzene. It melts with decomposition at 
168-9°. 

Calc, for CuHi, 0 ,N*Br: C, 51.5; H, 4,1. Found: C, 5J.3; H, 4.2. 

Hie “dimolecular” product, CHNO J (CH(O s H t )CH 2 COC fl H^r) 1 , crys- 
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taUized from benzene in fine needles. It is sparingly soluble in alcohol, 
more readily in ether, acetone, chloroform, and benzene. 

Calc, for C H Htt04NBr s : C, 57.3; H, 3.9. Pound: C, 37 5; H, 4.2. 

7 - Nitro - 0 - phenyl -a- bromopropyl-(4-bromophenyl) Ketone, CH 2 - 
(NO s )CH(C 8 Hs)CHBrCOCeH<Br.—The nitro ketone was brominated 
in the usual way in carbon tetrachloride. The solution on evaporation 
under diminished pressure left a pale yellow oil which slowly solidified 
when allowed to stand in a cool place in contact with absolute methyl 
alcohol. The solid was washed with cold methyl alcohol and recrystal¬ 
lized from ordinary alcohol. It was thus separated into 4 substances—3 
isomeric monobromo derivatives and one dibromo compound. 

The principal product was a monobromo derivative which melted at 
114.5-115.5°. This was most easily purified by crystallization from al¬ 
cohol containing a small quantity of benzene. It separated in fine needles 
moderately soluble in alcohol, readily in benzene, acetone, and chloroform. 

Calc, lor CitHuOaNBr,: C, 4,5.0; H, 3.0. Found: C, 45 - 1 ; H, 3.4. 

The mother liquors slowly deposited clear rhombic tables mixed with 
a small quantity of thick needles. The two substances were separated 
mechanically and recrystallized separately from alcohol. The com¬ 
pound which crystallized in rhombic tables melted at 105-6°. 

Calc, for CnHiiO«NBr,: C, 45.0; H, 3.0. Found: C, 45.3; H, 3.3. 

The substance crystallizing in needles was obtained only in very small 
amounts. It was readily soluble in methyl and ethyl alcohols, moderately 
in ligroin, and melted at 91 °. 

Calc, for CuHnOjNBr,: C, 45.0; H, 3.0. Found. C, 45.8; H, 3.1. 

The filtrates from the monobromo derivatives contained a small quantity 
of a dibromo compound which separated in crystalline form when they 
were allowed to evaporate very slowly in a cold place. By recrystalliza- 
tion from alcohol this was obtained in thin flakes melting 138-9°. 

Calc, for C«H u O»NBr,: C, 38.0; H, 2.4. Found: C, 38-4; H, 2.6. 

The two monobromo compounds melting at 115° and 106° must be 
stereoisomers because they give the same mono-iodo derivative when di¬ 
gested with potassium iodide. Neither of them undergoes further bromina- 
tion even when heated with bromine in the sunlight. The third mono- 
hrome and the dibromo derivatives were obtained in quantities too small 
for further investigation. 

7-Nitro-Y-bromo - 0 - phenyl - propyl - (4 - bromophenyl)ketone, CH S - 
(NOs)BrCH(C#H 6 )CHiCOC«H4Br.—Bromination in the position a to 
the nitro group was accomplished by means of the sodium derivative. 
This was made by adding the finely powdered nitro ketone to a concen¬ 
trated solution of sodium methylate in methyl alcohol until some of it 
remained undissolved after vigorous shaking. The mixture was then 
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filtered rapidly and the dear solution evaporated over sulfuric add In a 
vacuum desiccator. It left a white solid which was powdered and ex¬ 
tracted with dry ether to remove a small quantity of nitro ketone. 

For the purpose of bromination, the dry powder was added very gradu¬ 
ally to a well-cooled solution containing excess of bromine in dry carbon 
tetrachloride. The reaction was very vigorous but the yield of bromine 
compound was excellent. This was purified by allowing the solvent to 
evaporate spontaneously, washing the solid residue thoroughly with water, 
and recrystallizing from alcohol which contained a small quantity of 
benzene. The main product crystallized in needles and melted at 127 0 . 

Calc, for CitHuNOjBrj: C, 45.2; H, 3.0. Found: C, 45.6; H, 3.2. 

The filtrates deposited a small quantity of a second product which melted 
at 99-102 °. 

7,7 - Dibromo - 7 - nitro - (9 - phenyl-propyl-(4-bromophenyl) Ketone, 

CBr 2 NO?CH(CsH5)CH:!COC6H < Br.—The dibromo derivative was ob¬ 
tained without difficulty by alternately adding small quantities of sodium 
methylate and bromine to a cooled methyl alcoholic solution of the nitro 
compound, until both methylate and Uromine were present in excess. 
The solid which separated was washed with water and cold alcohol, 
dried and recrystallized from a mixture of alcohol and benzene. It 
crystallized in thin plates or needles and melted, not sharply, at 144-6°. 

Calc, for Ci<HuOiNBr>: C, 38; H. 2.4; Br, 47.4. Found: C, 38.8; H, 2.6; Br. 46.6. 

Action of Potassium Iodide on the Bromo Derivatives.—It was shown 
in an earlier paper that it is possible to distinguish between bromine 
compounds in which bromine is a a to a nitro group and those in which 
it is a to a carbonyl by treatment with potassium iodide, the former under¬ 
going reduction while the latter are transformed into the corresponding 
iodine derivatives. In order to determine whether this reaction is a general 
one, all the foregoing bromine compounds were boiled with potassium 
iodide in alcoholic solution. The 7-monobromo compound—which has 
bromine in the a-position to the nitro group, was quantitatively reduced 
to the nitro ketone. The 7,7-dibromo compound was also reduced, giving 
first the monobromo compound melting at 127°, and finally the nitro ke¬ 
tone. The oe-bromo compound gave the corresponding iodo compound 
in almost the calculated amount. 

7-Nitro-d-phenyl-a-iodo-propyl-(4-bromophenyl) Ketone, CHjNOj- 
CH(C*Hs)CHIC0C«H4Br.—Equal weights of the a-bromo compound 
and potassium iodide were dissolved in alcohol, and this solution boiled 
for 20 minutes. The mixture was then cooled and poured into a solution 
of sodium thiosulfate in order to remove a trace of iodine which had been 
liberated. The resulting flocculent precipitate was washed, dried and re- 
crystallized from hot alcohol. It separated in pale yellow rhombic plates 
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and melted at no 0 . The same iodo compound was obtained by similar 
treatment of the lower melting a-bromo compound. 

Calc, for Ci«HuO»NBrI: C, 40.5; H, 2.7. Found. C, 40.6, H, 2.7. 

C«lIiCH—CHCOCjHjBr. 

i-Nitro-2-phenyl-3(4-bromobenzoyl)cyclopropane, \/’ 

CHNOj. 

—For the purpose of eliminating hydrogen bromide from the a-bromo 
compound 12 g. of fused potassium acetate was added to a cooled suspen¬ 
sion of 20 g. of the finely powdered bromo compound in 80 cc. of alcohol. 
The mixture was kept in ice water for 12 hours during which time most 
of the product separated as fine powder suspended in a brown liquid. 
The solid was filtered off, washed with alcohol and water until free from 
bromide, dried, and crystallized from alcohol containing a little benzene. 
One crystallization gave a pure product melting at 131°. Yield, 17 g., 
almost the calculated amount. 

Calc, for CuHuOjNBr- C, 55.5; H, 3 5; Br, 23.1. Found- C, 55.4; H, 3.7; Br, 22.9. 

The cyclopropane derivative crystallizes in fine needles. It dissolves 
freely in acetone, carbon tetrachloride, benzene, and glacial acetic acid, 
sparingly in alcohol, and is almost insoluble in petroleum ether. Its 
solution in acetone does not reduce permanganate. It is more easily 
purified than the a-bromo compounds. For its preparation in quan¬ 
tity, therefore, it is advantageous to use in place of pure a-bromo com¬ 
pounds the crude mixture as it is obtained by brominating the nitro 
ketone in carbon tetrachloride and removing the solvent as completely 
as possible under diminished pressure. 

An isomeric cyclopropane derivative was obtained by adding potas¬ 
sium acetate to an alcoholic solution of the -(-bromo bompouud. The 
reaction takes place much more slowly than with the a-bromo compound, 
hence the mixture was allowed to remain at the ordinary temperature for 
4 days. The precipitated solid was then washed and recrystallized 
from alcohol. 

Calc, for C»Hi, 0 |NBr- C, 35.5; H, 3.5. Found: C, 55.2; H, 3.6. 

The substance crystallizes in fine needles and melts at 115 0 . It is prob¬ 
ably formed as a result of the prolonged contact with potassium acetate 
^because we found that the derivative melting at 130° is transformed into 
the lower melting isomer when its solution in alcohol is boiled for a short 
time with potassium acetate, or allowed to stand in contact with it for 
several days. 

A third isomeric cyclopropane derivative is formed when an alcoholic 
suspension of either of the other two is treated with very dilute sodium 
methylate. Thus a solution of one g. of sodium in 10 cc. of methyl al¬ 
cohol was added in small portions and with constant shaking to a aio»n. 
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methyl alcohol which was cooled in ice. The solid gradually dissolved 
and a new product began to separate from the pale yellow solution before 
all the alkali had been added. The cooling and shaking was continued 
until the whole volume of the alcohol was filled with solid. The solid was 
washed with cold alcohol until free from alkali, then recrystallized from 
boiling alcohol. The substance crystallized in needles and melted 
162-3°. Its solution in acetone does not reduce permanganate. The same 
substance was obtained by treating the isomer melting at 115 0 in a similar 
manner. 

Calc, for C„HisOjNBr: C, 55.5, H, 3.4 Found. C, 55 3; H, 3.7. 

Addition of Hydrogen.—The three isomeric cyclopropane derivatives 
readily combine with hydrogen when boiled with zinc dust and alcohol, 
and all three give the same product—the saturated open-chain nitre ke¬ 
tone. The following experiment illustrates the method used for adding 
hydrogen. 

A suspension of 2 g. cyclopropane derivative and 5 g. of zinc dust in 
80 cc. of 8o f < alcohol was boiled for a little more than an hour, then 
filtered while still hot to remove unchanged zinc and zinc oxide. The 
filtrate, on cooling, deposited colorless needles which melted at 101 °. 
A mixture of the substance and the saturated nitro ketone melted at the 
same temperature. 

Addition of hydrogen chloride.—The cyclopropane derivative melt¬ 
ing at 130°, combined very readily with hydrochloric acid, and gave the 
calculated amount of addition product. An alcoholic suspension of the 
substance in a thick walled bottle was cooled in ice water and saturated 
with hydrogen chloride at 0°. The bottle was then securely stoppered 
and allowed to stand for 24 hours at the ordinary temperature. The crys¬ 
talline suspension disappeared and the product separated as an oil which 
turned into a solid cake. This was crushed, washed until free from 
acid, and crystallized from alcohol and benzene. 

Calc, for CwHuOjNClBr: C, 50.2; H, 3.6. Found: C, 50.1; H, 3.4. 

( 3 -Nitro- 7 , 7 -phenyl-chloropropyl-( 4 -bromophenyl) Ketone, C«H # - 
CHClCHN 0 2 CHjC 0 CsH 4 Br,—The hydrochloric acid addition product 
crystallizes in long, slender needles which melt at 133°. It is readily 
soluble in chloroform, acetone, and .benzene, sparingly in alcohol and 
ether, insoluble in ligroin. Alcoholic solutions gradually become strongly 
arid even at the ordinary temperature and at the boiling point of alcohol 
the addition product rapidly changes into other substances. 

7,7-Phenyl-chloroallyl-(4-bromopihenyl) Ketone, C«H,CC 1 = CHCHr 
COQHiBr.—A suspension of 5 g. of the powdered ehloro compound and 
5 g, of potassium acetate in 25 cc. of alcohol was allowed to remain at the 
ordinary tmperature for 12 hours during which it changed to an aggre- 

’ ■ J —alcohol and 
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water and dissolved in boiling alcohol. The solution yielded two sub¬ 
stances in approximately equal amounts. 

The first crop consisted mainly of a colorless substance which separated 
in downy needles and when pure melted at 179-80°. This substance 
contained no nitrogen, was sparingly soluble in alcohol but dissolved freely 
in chloroform, acetone and benzene. 

Calc, for CieHiiOCIBr C, 57.4; H, 3.6 Found: C, 58.2. H, 3 8. 

Later crops consisted mainly of a yellow substance which was much 
more readily soluble in alcohol, separated in plates, and melted at 108-9°. 

Calc, for CidHiiOClttr C, 57.4; H, 3.6. Found £575,13,3.9 

These substances are evidently geometrical isomers; they have the 
same composition, and reduce permanganate with equal ease—showing 
the presence of an ethylene linkage—and the chlorine is equally unre- 
active in both, indicating that in each it is connected with an unsaturated 
carbon atom. Definite proof of the structure of these substances was 
obtained by oxidation. 

The substances rapidly reduced permanganate, but the only organic 
oxidation products that could be isolated were benzoic and p-bromobcnzoic 
acids. It was necessary, therefore, to resort to ozone as oxidizing agent. 
Ozonized oxygen containing ozone and a trace of moisture was slowly 
passed through a carbon tetracliloride solution of the yellow substance 
until ozone was present in excess. The solution gradually deposited a 
colorless solid, which melted at 244°. This was f-bromobenzoic acid— 
identified by melting a mixture of the substance with a sample on hand. 

The filtrate from the bromobenzoic acid, when evaporated under 
diminished pressure, left a colorless oil which attacked the eyes and had 
the odor of benzoyl chloride. The liquid was dissolved in dry ether and 
treated with excess of aniline. This gave a solid which after recrystalliza¬ 
tion from boiling alcohol melted at 160° and was identified as benzatiilide. 
The principal oxidation products of the yellow compound are, therefore, 
benzoyl chloride and p-bromot>euzoic acid. The white isomer, treated 
in the same way, gave the same products. 

These results establish the structure of the hydrochloric acid addi¬ 
tion product as well as that of the unsaturated ehloro ketones obtained 
from it. The structure of the latter was determined with great care be¬ 
cause tliis mode of loss of nitrous acid, in which the hydrogen comes from 
the 7- instead of the a-position was unexpected. 

CeUjCHClCHNOjCHjCOQHiBr —► C.H.CC 1 CH — CHjCOCcH.Br, 

CH = C — C,H, 

i-Phenyl-5-(4-bromophenyl) Furane, ; ^>0 , — The hy- 

CH - C — C«H 43 r 

Arrsry*- -U- --*•**-' *. 



1652 E. P. KOHLER AN’d’h. B. WILLIAMS. 

the bromine free analog rapidly lost both hydrochloric and nitrous 
adds when boiled in alcoholic solution. The product separated in almost 
the calculated quantity when the solution was allowed to cool. 

Calc for Ci»HnOBr. C, 64.2; H, 3,7 Found: C, 64.1; H, 4.0. 

The furane derivative crystallizes in colorless or very pale yellow flakes, 
and melts at 127 °. It is very sparingly soluble in alcohol and ether, more 
readily in acetone and benzene. Its solution in acetone docs not reduce 
permanganate. 

Addition of Hydrogen Bromide.—The cyclopropane derivatives gave 
two isomeric addition products depending upon the manner in which the 
addition was brought about. When either the substance melting at 130 
or its isomer melting at 162 is added to glacial acetic acid which has been 
previously saturated with hydrogen bromide, it dissolves rapidly, the pro¬ 
duct begins to separate almost immediately and the reaction is com¬ 
plete in a few minutes. The substance obtained in this way was purified 
by recrystallization from benzene-ligroin and was thus obtained in color¬ 
less needles which melted with decomposition at 144 0 . 

Calc, for Ci«H«O a NBr # - C, 43 o; H, 3 o Found C, 44 S; H, 3 3 
Each of the two cyclopropane derivatives gave an isomeric substance 
when solutions in glacial acetic arid were gradually saturated with hydro¬ 
gen bromide at o° and then allowed to stand for 12 hours. The product 
in this case separated in long needles which after crystallization from 
benzene-ligroin melted at 133 °. 

Calc, for CisHuOiNBtj C, 45 o, H, 3 o. Found. C, 44 9; It, 3 o 
Both of these addition products when boiled with alcohol give the same 
i-phenyl-5-(4-bromophenyl) furane; they arc, therefore, constituted 
like the corresponding hydrogen chloride addition product. 

7-Phenyl-/3-mtro-alkyl-(4-bromophenyl) Ketone, C,H S CH = CNCV 
CHsCOCjHrBr.—Unlike the hydrogen chloride addition product, the 
bromine compound loses halogen arid more easily than nitrous acid. 
Thus when 10 g. of the substance and 5 g. of potassium acetate were sus¬ 
pended in 30 cc. of alcohol, the substance dissolved rapidly, the solution 
turned light brown in color and a colorless product separated in a short 
time. This was washed, dried and recrystallized from a mixture of car¬ 
bon tetrachloride and ligroin from which it separated in colorless needles, 
melting, with decomposition, at 162-3 

Calc, for C,»Hi,OaNBr: C, 33.5; H, 3 5. Found: C, 56.5; H, 3.6. 

The substance is extremely unstable, and the high values are doubtless 
due to loss of nitrous acid during purification. 

Addition of Bromine. —The cyclopropane derivatives are not at- 

' -— *<„■« ftven when exposed to 
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direct sunlight. A slow but complete reaction can be obtained, however, 
under the combined effect of heat and direct sunlight, provided both the 
reagents and the solvent are perfectly dry. 

a,-y-Dibromo-/S-phenyl-propyl-(4-bromophenyl) Ketone, C 6 H 5 CHBr- 
CHNOsCHBrCOCeHjBr.—A saturated carbon tetrachloride solution 
containing 33 g. of the cyclopropane derivative melting at 130 0 and 17 
g. of bromine were, boiled in the sunlight for several days. The only evi¬ 
dence of reaction was a slow deposition of solid from the hot solution, 
and the boiling was continued as long as this appeared to increase in quan¬ 
tity. The solid was recrystallized from carbon tetrachloride. This gave 
33 g. of a colorless product which melted at 162-3°. 

Calc for CuHuOjNBr,: C, 37.9; H, 2.4 Found: C, 37.6; H, 2.6 
The filtrate from this substance on slow evaporation deposited two 
more solid products. These were separated by recrystallization from 
benzene. The more soluble of the two crystallized in rhombic plates which 
melted at 137 0 . 'Hie analyses show that this is an isomeric bromine 
addition product. 

Calc, for C»H,jO,NBr,. C, 37.9; H, 2 4 Found C, 38.2; H, 2.5. 

These two bromine addition products were obtained by another re¬ 
action that leaves no doubt as to their structure. The 7-bromo com¬ 
pound obtained by adding hydrogen bromide to the cyclopropane de¬ 
rivative readily reacts with bromine, as would l>e expected, and the two 
products of the reaction are identical with those obtained by addition of 
bromine to the cyclopropane derivative. 

C«HsC H B rC H N OaC HjCOC« H+B r -f Br : = 

C«H(,C HBrCH NO,CH Br COGHUBr. 
7-Phenyl-d-nitro-propenyl- (4-bromophenyl) Ketone, 

C»HiCH ; C CHCOCjHiBr 

1 .—The bromine addition products are reactive 

NO, 

substances but they gave unmanageable mixtures with nearly all reagents 
capable of replacing bromine or of eliminating hydrogen bromide. Potas¬ 
sium iodide was an exception, as it gave a crystalline product in good yields. 
Pour g. of potassium iodide was added to a solution of 2 g. of the brom¬ 
ine coin pound (162°) which had been cooled to o°. Iodine began to 
separate at once. The solution was allowed to remain in an ice chest 
for 2 days, then evaporated in a current of air. The residue was washed 
with thiosulfate solution, dried, and recrystallized from alcohol and benzene. 
It crystallized in yellow plates and melted at 115 0 . 

Calc, for CuHuO,NBr: C, 55 4; H, 3.4. Found: C, 55-4; H, 3 9. 

The substance is moderately soluble in alcohol, readily in benzene, ace- 

and Tfro ew.J-. 4-2 - 2 —- *- 
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ganate. The oxidation products, phenylaeetie acid melting at 76° and 
p-bromo-benzoic add, were identified by comparison with spedmens on 
hand. The third product of the reaction between bromine and the 
cyclopropane derivative was obtained as a very fine crystalline powder 
which is sparingly soluble in benzene and alcohol and which melts at 
190-3 °. 

Calc, for CuHuBrtO. C, 35.6; H, 2.2. Found: C, 35.8; H, 2.2. 

The substance contains no nitrogen. It is very unreactivc, under¬ 
going no change when boiled with alcoholic potassium acetate or sodium 
alcoholate. It is, therefore, probably a furane derivative formed by loss 
of nitrous add during the protracted boiling and addition of bromine to 
the product 1 but the facts at hand do not warrant a definite conclusion. 

Action of Sodium Methylate.—As was stated earlier in the paper, di¬ 
lute sodium methylate turns the lower melting cydopropane derivatives 
into the highest melting isomer and the concentrated methylate as well 
as sodium hydroxide gives a /3-diketone. A possible intermediate prod¬ 
uct in this reaction was obtained as follows: A solution of 5 g. of sodium 
in the minimum quantity of dry methyl alcohol was added to 60 g. of 
the finely powdered cyclopropane derivative (130°) previously moistened 
with a little dry methyl alcohol. The temperature of the mixture was 
kept at o° throughout the addition. The cydopropane derivative slowly 
dissolved, sodium nitrite deposited on the walls of the vessel while an¬ 
other white solid crystallized from the red solution. The mixture was 
kept at o' 5 for several hours, then cooled in a freezing mixture and acidified 
with a solution of the calculated amount of gladal acetic acid in 300 ce. 
of ether. 

The resulting paste which changed from red to yellow during acidifica¬ 
tion, was poured into cracked ice contained in a separatory funnel, the 
ethereal layer washed with water, dried, and allowed to evaporate. The 
residue contained 8 g. of a colorless solid contaminated with a small 
quantity of yellow oil. The solid was purified by recrystallization from 
methyl alcohol. 

Calc, for CoHisOjBr: C, 61.6: H, 4.6. Found: C, 61.3; H, 4.6. 

The substance is readily soluble in alcohol and ether. It crystallizes 
in thin needles and mdts at 102-3 0 . Its structure was established by 
oxidation with permanganate which was carried out as follows: 2.5 g. 
of finely powdered potassium permanganate was added in very small 
portions to a solution of 3.2 g. of the substance in pure acetone, which was 
kept at o° until the reduction of the permanganate was complete. The 
salts and oxides of manganese were filtered off and the filtrate evaporated 
under diminished pressure. It left a small quantity of solid imbedded in 
an oil that had the odor of methyl phenylacetate. 

1 Perkins, J. Chem. Soc., 57, 934 (1890). 
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The oil was distilled with steam and hydrolyzed with potassium hy¬ 
droxide. It gave a solid add which melted at 76°. A mixture of the 
substance and phenyl acetic acid likewise melted at this temperature. 
The oily oxidation product was, therefore, methyl phenylacetate. 

The solid left behind after removing the ester by sttam distillation 
proved to be unchanged substance, and the acid obtained by treating the 
salts and oxides of manganese with sodium hydrogen sulfite and dilute 
acid was identified as bromo-benzoie acid. These oxidation products 
—methyl phenylacetate and p-bromo-benzoic acid—show that the formula 
of the methoxy compound must be 

C«H S CH.C = CHCOC 6 H(Bi 

! 

OCH, 

Phenacetyl-(4-bromobenzyl) Methane, CoHjCH-COCHsCOCeEUBr.— 
The tnethoxyl compound is easily hydrolyzed when boiled with a few 
drops of hydrochloric acid in aqueous alcohol. The product separated, 
on cooling, in rhombic plates melting at 80- 1°. 

Calc for CrHuOjBr C, 60 5, H, 4.1. Fount! C, 60 4; H, 4.3. 

The diketone is readily soluble in all common organic solvents except 
ligroin When its ethereal solution is shaken with an aqueous solution 
of copper acetate it forms a pale green copper derivative which is sparingly 
soluble in ether but dissolves fairly readily in benzene. The diketone 
can he obtained directly from any of the cyclopropane derivatives by dis¬ 
solving it with alcoholic sodium hydroxide, acidifying, extracting with 
ether, and precipitating the diketone as copper derivative. 

CAMHRIDO.lt MAW 


[Contribution from the Chemical Laboratory of the University of Michigan.] 
TRIPHENYLMETHYL. XXIX. A STUDY OF THE PROPERTIES 
OF DIPHENYL- «-N APHTHYLMETHYL. 

By M Gomberc. and C. S. Schoepflk 1 

Received Juiv 22, 1919. 

i. Introduction. 

Although the existence of a large number of triaryhnethyls has been 
established, the various investigators in this field have been content to 
prepare the free radicals in solution only and to show that such solutions 
on exposure to air give rise to tire corresponding peroxides. In a limited 
number of cases the triarylmetlzyls were actually isolated and the molec¬ 
ular weight of the free radical determined, and in a few instances ab¬ 
sorption spectra have been taken. But in no case except that of tri- 
phenylmethyl have the chemical and physical properties of the free 
1 The work described in this article and in the article published in This Journal, 
39, t6jj (1917), forms part of a thiw k -'' “ 
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radical been thoroughly investigated. The question arises: Are all the 
peculiar physical and chemical properties of triphenylmethyl characteristic 
of the triarylmethyls as a class, or do some of them apply only to certain 
individuals in this class? It therefore seemed desirable to study care¬ 
fully and fully other members of the triarylmethyls, and thus compare 
their properties and reactions with those of triphenylmethyl. For this 


purpose the radical diphenyl-a-naphthylmethyl 


o--, 



, was 


chosen as it is readily prepared and can be obtained in very pure state. 
Moreover, it gave promise of most interesting results for it was known, 
according to preliminary experiments , 1 to exist in solution largely in the 
mono-molecular phase. Being thus much more highly dissociated, 
diphenyl-a-naphthylmethyl presumably should show a correspondingly 
greater degree of unsaturation than triphenylmethyl, and should exhibit 
a greater reactivity than the latter. In what way would this affect the 
peroxide factor, and the equilibrium with iodine? And would this free 
radical give additive compounds more stable than those given by tri¬ 
phenylmethyl? Would it isomerize under the influence of hydrochloric 
acid similarly to triphenylmethyl? 

The exact knowledge of the molecular state of diphenyl-a-naphthyl- 
methyl was considered of utmost importance, since it is the tendency 
towards dissociation into half-molecules that imparts to the hexa-aryl- 
ethanes their distinctive reactivity. A comparison of the molecular 
state of aggregation of diphenyl-a-naphthylmethyl with that of tri¬ 
phenylmethyl should permit one to judge whether the extent of actual 
dissociation, i. e., the relative amount of free radical actually present, 
is really the cause for the difference in chemical reactivities of the tri¬ 
arylmethyls among themselves. 

The molecular state of these, compounds has received more attention 
than any other single attribute, for the reason that this was supposed 
to furnish the conclusive answer to the query—can carbon function in 
the trivalent state? But the number of free radicals, the molecular 
state of which has been determined with exactness, is after all limited. 
None the less, it may be considered at the present time as fairly well 
established that the molecular state of triarylmethyls is best represented 
by the general expression which covers both the tautomerization 
phenomenon and the dissociation phenomenon : 2 

1 This Journal, 3®, 166S (1917). t 

' Ber., 46, 2*8 (1913). 
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RsC—CRj 



RjC 



(III) 

(IV) 


In other words, there is a tautomeric equilibrium between two di- 
molecular modifications, the benzenoid hexa-aryl ethane (I; and its 
quinonoid modification (II); also between two monomolecular modifica¬ 
tions, the benzenoid triarylmethyl (III), wherein the central carbon 
atom is trivalent, and the quinonoid modification (IV), in which the 
para-carbon atom assumes the trivalent state. The experimental evi¬ 
dence upon which is based the assumption of the existence of a tauto¬ 
meric pair in the dimolecular and in the monomolecular phases of the tri- 
arylmethyls has been dealt with in previous papers. The validity of 
that evidence has not been impaired, in our opinion, by any subsequent 
results. The new experimental evidence contributed in this paper deals 
with the dissociation phenomenon only and has no direct bearing on the 
tautomerism phenomenon. For this reason, the tautomerism question 
will be left out of consideration for the sake of simplicity in the following 
discussion; the dissociation phenomenon alone will be considered, and 
as if occurring only in the following sense: 

R 3 C — CRs ^ zR 3 C. 

Factors Influencing Degree of Dissociation. —It is evident that the 
extent of the dissociation must differ, primarily, with the nature of the 
free radical. Triphenylmethyl exists largely in the dimolecular state, 
but triarylmethyls containing biphenyl groups are monomolecular to the 
extent of 15%, 80%, and 100%, respectively, according to the number 
of biphenyl groups in the molecule. 1 The hypothesis, however, that the 
dissociation of the hexa-aryl ethanes is proportional to the complexity 
of the aryl groups lias been shown to be untenable. From the study of 
the molecular weights of a selected group of triarylmethyls it was found 
impossible to formulate the relation between the complexity of the aryl 
groups on the one hand and the tendency of these ethanes towards dissocia¬ 
tion into free radicals on the other. 2 

Other factors which may influence the equilibrium between the mono- 
molecular and the dimolecular modifications in solution, arc the nature 
of the solvent, the concentration of the solute, and the temperature of 
the solution. The question as to whether the nature of the solvent exerts 
an influence on the extent of dissociation could only be finally settled 
by a set of molecular weight determinations on a given triarylmethyl in 

1 SclUenk, Weickel and Herzenstein, Ann., 394, 186 (1912); Ber., 43, 1736 (1910); 
Anti., 37a, 4 (1909); Schmidkn and Garcia-Banus, Ber., 45, 3176 (1912). 

8 This Journal, 39, 1672 (1917). 
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various solvents which freeze approximately at the same 1 temperature 
But it is doubtful whether this factor is of appreciable influer, ** ice barring 
of course such instances where chemical combination betwt er „ e ^ so ] ute 
and solvent occur. We have assumed that this influence is robotically 
negligible, and the results herein described support this assumf* 1 >t j Qn 

Piccard, 1 Schmidlin, 2 and others have studied by different i? w ne thods 
the effect of the concentration upon the degree of dissociation ^ IS r j y ie 
hexa-arylethane in solution. The writers 3 have determined with j ■ 
taking accuracy' the molecular weight of 7 different triarylmethyi * s • 
naphthalene as a solvent, with concentrations ranging from 1 to C -cy 
The results obtained show unmistakably that, in every case, the dissoci. ■ 
tion of the hexa-aryl ethanes into free radicals increases with dilution , 
of the solute, and in some cases reaches 100%. It remained to study the 
third factor which must influence the equilibrium between the mono- 
molecular and the dimolecular phase of the free radical, namely the effect 
of temperature. Some work in this respect has been done in the past, 
but mostly of qualitative nature. 4 We have now, with this end in view, 
determined very carefully the molecular weight of diphenyl-a-naphthyd 
methyl in a number of different solvents whose freezing points cover a 
wide range of temperature, 5° to 8o°. The results, it is believed, settle 
the mooted question as regards the decided increase of dissociation with 
increase of temperature, at least in the instance of this particular free 
radical. 

The object, then, of this investigation has been: (1) having selected a 
compound possessing a considerably greater degree of dissociation than 
triphenylmethyl, to determine whether this attribute would be accom¬ 
panied by an enhancement of the various chemical characteristics typical 
to triphenylmethyl; (2) to determine with a high degree of accuracy 
the molecular weight of this free radical in various solvents covering a 
wide range of temperature, in order to ascertain the influence of tem¬ 
perature on the molecular state of the free radical. 

2. Chemical Reactions of Diphenyl-a-naphthylmethyl. 

Preparation of Diphenyl-a-naphthylmethyl Chloride.—Attempts were 
made to prepare the required diphenylnapbthylmethyl chloride by the 
Friedel and Crafts’ reaction, condensing benzophenone chloride with 
naphthalene. The diphenylnaphthylmethyl chloride thus obtained is 
almost colorless, and upon one recrystallization melts sharply at 169°. 
The yield, however, is never more than 20%. The use of ferric chloride 
in place of aluminium chloride gave no better results. 

1 Ann., 381, 347 (1911). 

* "Das Triphenylmethyl,” Ferdinand Enke, 1914, p. 67, 

* This Jouxnai,, 39, t664 (1917). 

4 Schlenk and Mair, Ann., 394, 179 (1911); Schmidlin, Ber., 45, 3180 (1912). 
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An attempt was next made to apply a modified Grignard reaction, 
namely to combine benzophenone chloride with a-naphthyl magnesium 
bromide. But this gave an impure product which could not be crystal¬ 
lized either as the carbinol or the chloride even after purification by 
boiling with charcoal. Consequently it was decided to revert to the 
regular Grignard reaction, employing benzophenone and a-naphthyl 
magnesium bromide. This gives about an 80% yield of diphenylnaphthyl 
carbinol. To obtain the corresponding chloride, the carbinol is dissolved 
in benzene and the amount of acetyl chloride required to replace the 
hydroxy group by chlorine is added. Upon concentrating the solution, 
the diphenylnaphthylmethyl chloride is obtained in large, colorless crystals 
which melt at 170-171 °. The product was always recrystallized from 
benzene to remove any traces of acid. 

If the solution of diphenyl-a-naphthyl carbinol is treated with acetyl 
bromide in place of acetyl chloride, the corresponding bromide is formed. 
The crystals are-colorless and melt at 165-166°, with slight decomposi¬ 
tion. The bromide is quite stable and agrees with the chloride in all its 
properties 

Calc for CjjHnBr Br, 21.4. Found' 21 6 

By treating a solution of diphenyl-a-naphthylmethyl chloride in ab¬ 
solute alcohol with sodium ethoxide, or by passing hydrogen chloride 
into an alcoholic solution of either the carbinol or the cnloride, diphenyl- 
naphthyl ethyl ether is obtained in well-defined, colorless crystals which 
melt at 132 °. 

o 

The Free Radical, (C 8 H tl ).>C— y >.—To prepare the free radical, 4 g. 

of diphenyl-or-naphthylmetbyl chloride and 4 g. of molecular silver are 
place® in a 100 cc. bottle, and enough dry benzene added to almost fill 
thojwttle which is then tightly corked. After several hours’ shaking, 
the reaction is complete. The cork is now removed, and there is quickly 
inserted the glass connection which permits the siphoning off of the clear 
liquid into the standard apparatus wnich has been fully described in 
previous papers. 1 The benzene is distilled off under reduced pressure 
and the product recrystallized from hot acetone, air of course being ex' 
eluded. The solvent is drawn off and the crystalline diphenylnaphthyl- 
methyl is washed several times with acetone, and then dried under re¬ 
duced pressure in a slow stream of carbon dioxide, the crystals remaining 
all the while in the same apparatus. As a rule, from 1.5 to 2 g. of the 
free radical was obtained, the yield being sacrificed to favor a purer 
product. 

1 Gomberg and Cone, Her , 37, 2033 (1904), Gomberg and Schoepfle, Tins Journal, 
39> >659 (1917)- 
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The solution of diphenylnaphthylmethyl has a deep reddish brown 
color, but the crystals obtained are practically colorless, becoming light 
yellow upon standing. When heated in an atmosphere of carbon dioxide, 
they turn brown at about 130° and melt at 135-137°, although the melt¬ 
ing point is not sharp. 

Action of Oxygen. —When the deeply colored solution of diphenyl¬ 
naphthylmethyl is exposed to oxygen or air it is rapidly decolorized and a 
crystalline peroxide is formed. Diphenylnaphthylmethyl peroxide is 
practically insoluble in ether, petroleum ether or benzene, but is slightly 
soluble in hot carbon disulfide from which it crystallizes in very fine, 
colorless crystals, melting at 172-173° with decomposition. 

In the formation of the peroxide, the theoretical amount of oxygen is 
absorbed in accordance with the equation: 

2(C,H 6 ) s : C.C i 0 H 7 + O: —-> (C 6 Hs) 2 : C — O —O—C : (C.H»)s 

I I 

C.oHj C10H7 

The apparatus used in measuring the absorption of oxygen by tri- 
arylmethyls has been described in detail in a previous paper.’ It con¬ 
sists of a 175 cc. absorption bottle which is connected with a water- 
jacketed gas buret provided with a leveling tube containing bromo- 
benzene. A weighed sample of diphenylnaphthylmethyl chloride and an 
equal amount of molecular silver are put in a small test tube which is 
then filled with bromobenzene and quickly sealed. After several hours’ 
shaking, the tube is placed in the absorption bottle, covered with about 
25 cc. of bromobenzene, and the bottle sealed with paraffin and sub¬ 
merged in a large pail of water which is kept at the desired temperature. 
The apparatus is now filled with dry oxygen, and after the temperature 
has become constant, the bottle is shaken to break the tube. The ab¬ 
sorption is measured by means of the buret, and calculated on the basis 
that the diphenylnaphthylmethyl chloride taken had given the theoretical 
amount of free radical. During the course of the experiment, the tem¬ 
perature of the bottle and the buret was kept constant while corrections 
were applied to allow for changes in barometric pressure. 

As in the case of triphenylmethyl, the absorption proceeds at a very 
rapid rate, being complete within a few minutes if sufficient bromo¬ 
benzene is used to keep all of the free radical in solution (Expts. 1-3). 

We have also determined the amount of oxygen absorbed when the 
crystalline free radical is similarly treated. The sample in the form of 
pellets was put in a small test tube which was then filled with bromo¬ 
benzene and quickly sealed. The amount of absorption was somewhat 
smaller in this case than in the preceding experiments, doubtless due to a 
1 This Journal, 39, 1661 (1917). 
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slight oxidation which took place during the time required for sealing 
the tube (Expts. 4 and 5). 


Wt of s imple 

--• —- - —- Oxygen absorbed.* 

Diphenyl Diphenyl —- . .—^ 

napthylmcthyl naphthyl- % of 


chloride G methyl G Cc calculated. 

1 With oxygen . i ooo 33 o 97 

2 With oxygen 1 013 34 2 99 

3 With air . . 1 on 32 7 95 

4 With oxygen. 1 029 36 2 92 

5 With oxygen. 1 142 40 7 93 


In spite of the fact that the theoretical amount of oxygen is absorbed, 
diphenylnaphthylmethyl, like triphenylmethyl, does not give the 
theoretical amount of peroxide. To determine the amount of peroxide 
formed, the sample of the free radical was dissolved in ether and oxidized 
by passing air through the solution. The precipitated peroxide was 
transferred to a modified Gooch crucible, washed with ether, then dried 


and weighed. 

Wt of diphenyl- 
rmphthylmethyl G 

Wt of per¬ 
oxide G 

% of theo¬ 
retical amount. 

1 

I 280 

I 160 

86 

2 

I 2SI 

I 1 33 

86 

3 ■ 

r 595 

1 446 

86 


Therefore, for diphenylnaphthylmethyl we have a remarkably constant 


peroxide factor of 86%. If benzene is used as the solvent in place of 
ether, the factor is somewhat lower varying from 8o c c to 82%. 

Absorption of Iodine.—If a solution of iodine 'in benzene or carbon 
disulfide is added to a solution of diphenylnaphthylmethyl, the dark 
color of iodine instantly disappears, and the absorption of iodine continues 
until approximately Go'/i of the free radical has been titrated. A weighed 
sample of diphenylnaphthylmethyl is placed in a bottle from which the 
air is completely removed by successively exhausting and filling with 
carbon dioxide. Enough bromobenzene is added to dissolve the free 
radical (the free radical is more soluble in bromobenzene than in benzene) 
and then a standard solution of iodine in benzene is slowly added. The 
deep reddish brown color of the solution gradually becomes lighter and 
at the equilibrium point, which is fairly distinct, the color changes from 
the light brown of the free radical to a deep green, the latter color re¬ 
sulting doubtless from the presence of both iodine and the free radical 


in the solution. 

Wt of diphenyl¬ 
naphthylmethyl. G 

Cc of 0 1 AT iodine 
solution absorbed 

% of calcu¬ 
lated absorption. 

I. 

2 406 

50 5 

61.5 

2. 

. 2 565 

49 0 

56 0 

j . 

. ... 2 147 

46 0 

63 0 


1 Corrected to standard conditions of temperature and pressure. 
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Therefore, an equilibrium is established when approximately 60% of 
the diphenylnaphtbylmethyl has been changed to diphenylnaphthyl- 
methyl iodide 

(C«H»). C C 10 H- + I ^ (C.H,).(C lQ H 7 )CI 

Attempts to Isolate the Iodide.—Attempts weie made to isolate the 
diphenylnaphthvlmethyl iodide from the solution obtained by titrating 
the free radical with a limited amount of iodine as described above, but 
in no ease would the iodide crystallize Efforts to prepare the iodide 
by a somewhat different method 1 also proied unsuccessful 5 g of 
.dipbenylnaphthvlmcth) 1 <blonde and 25 g of sodium iodide were dis¬ 
solved separately 111 acetone, and mixed m an apparatus tree from air 
The sodium chloride which immediately precipitated out was filtered off 
and the solution concentrated but the iodide could not be isolated V 
considerable amount of diphenylnaphthy 1 methane was found to lie 
present in the solution, indicating that the free radical and perhaps the 
iodide as well, have suffered a change of some sort The iodide under 
consideration is therefore even more unstable than tnphenyhnethvl 
iodide 

If excess of iodine is added to the solution of the free radical, a dark 
oil separates out which is undoubtedly a penodide This penodide 
could not be crystallized and is apparently unstable, as it is changed 
into soluble products upon standing for several hours The resulting 
solution, as in the above experiments, contains a considerable amount of 
diphenylnaphthyl methane, and no longer precipitates a peroxide on 
exposure to air 

That diphenylnaphthylmethyl iodide is actually formed by the action 
of iodine upon a solution of the free radical, was shown by the preparation 
Of the corresponding anihde To a solution of 4 g of diphenylnaphthyl 
methyl m benzene was added 65 cc of a o 1 N solution of iodine m benzene, 
which corresponds to about 50% of the theoretical amount of iodine 
required to change the free radical mto the iodide 2 g of amhne was 
then added, producing an immediate precipitation of aniline hydriodide 
(C 6 H 5 ) 2 (C 10 H 7 )CI + 2C,H 6 NH 2 — 

(C,H 6 MC 10 H 7 )C - NC0II5 + C 8 H„NH 2 HI 
H 

After standing for a short time, air was passed through the solution 
to oxidize the unchanged free radical to the peroxide The aniline salt 
and the peroxide were filtered off, the benzene removed under reduced 
pressure, and the residue taken up in petroleum ether 2 3 g of di 
phenylnaphthylmethyl anilide crystallized, the theoretical yield being 
2 5 g The anihde is obtained in dusters of small, colorless crystals which 
after several recrystalhzations melt at 151° The compound was found 
1 Albrecht, "Das Thphenyknethyl,” Scfamidlm, Ferdinand Tinke, 1914, p 87 
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to be identical with the anilide prepared similarly from diphenylnaphthyl- 
methyl chloride. The anilide is readily decomposed into aniline and di- 
phenylnaphthylmethyl chloride when a benzene solution of it is treated 
with hydrogen chloride. 

Action of Hydrochloric Acid.—When a solution of diplienylnaphthyl- 
methyl is treated in the cold with hydrochloric acid, it is decolorized, 
becoming absolutely colorless in the course of several hours. The re¬ 
sulting solution contains diplienylnaphthyl methane and diphenyl- 
naphthylmethyl chloride, along with a smaller amount of the "polymer” 
of the free radical, indicating that the following two reactions have 
occurred: 



The extent t6 which each reaction takes place was determined by 
estimating the amount of diphenylnaphthylmethyl chloride which could 
be obtained from a definite amount of the free radical. The sample of 
diphenylnaphthylmethyl, 2.4625 g, prepared as usual, was treated in the 
absence of air with about 150 cc. of benzene saturated with hydrochloric 
acid. After the free radical was dissolved and the solution had become 
colorless, the benzene was removed under reduced pressure; the sample 
was then redissolved in benzene and again concentrated as far as possible, 
thus insuring the removal of the excess hydrochloric acid, ^he chlorine 
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in the residue was estimated in the usual manner. The amount found 
corresponded to 83% of the amount of diphenylnaphthylmethyl chloride 
which would have been formed had all the free radical reacted according 
to Equation 1. Therefore, it may be safely inferred, over 80% of the 
diphenylnaphthylmethyl reacts to give diphenylnaphthyl methane and 
diphenylnaphthylmethyl chloride, and the remainder probably reacts 
according to Equation 2 to form the polymer of diphenylnaphthylmethyl. 

To obtain the polymer, 10 g. of diphenylnaphthylmethyl chloride is 
dissolved in 150 cc. of benzene saturated with hydrochloric acid, and 
shaken with excess of molecular silver, about 20 g. The solution im¬ 
mediately becomes deeply colored due to the formation of the free radical, 
and this subsequently reacts with the hydrochloric acid. The diphenyl- 
naphthylmethyl chloride which is formed as one of the products of the 
action of the hydrochloric acid upon the free radical, is in turn acted 
upon by the molecular silver, and so on to completion. The solution 
becomes colorless after several hours’ shaking, and contains then only 
diphenylnaphthyl methane and the polymer, of which the former is 
present in much the larger amount. The polymer can be readily separated 
from the diphenylnaphthyl methane by treating the mixture with boiling 
alcohol, in which the methane compound is fairly soluble and the polymer 
practically insoluble. The yield is about 3 g. 

In solubility the polymer is very similar to p-benzohydryltetraphenyl 
methane, which is the principal product when triphenylmethyl is treated 
with hydrochloric acid. 1 It is readily soluble in hot benzene, slightly 
soluble in hot acetic acid, and practically insoluble in alcohol, ether, and 
petroleum ether. It crystallizes from benzene upon the addition of 
petroleum ether in very fine, colorless crystals which melt at 234-235 °. 

Calc, for CitHj,: C, 94.15; H, 5.85. Found: C, 93.81; H, 5.92. 

The molecular weight, determined by the cryoscopic method with 
naphthalene as the solvent, was found to be abnormal. 0.3615 g. of the 
polymer in 16.86 g. of naphthalene (K = 70.8), gave a depression of 
0-354 °- 

Calc, for C«H m : M, 586. Found: >1,429. 

No attempt was made to determine which of the two possible structures 




1 Gomberg, Ber., 35, 3914 (1902); 36, 376 (1903). 
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should be assigned to this compound, assuming that the polymerization 
in this case is identical in character with that of triphenylmethyl under 
similar circumstances 1 

Reduction of the Free Radical.—Although hydrogen itself has no 
action upon a solution of diphenylnaphthylmethvl, in the presence of a 
catalyst, such as platinum black, reduction to diphenylnaphthyl methane 
takes place quite readily The platinum black for this purpose was pre¬ 
pared by reducing platinum tetrachloride with formaldehyde in an alkaline 
solution 

A solution of 5 g of the free radical in benzene was siphoned into a 
flask filled with hydrogen and containing o 5 g of platinum black The 
solution, diluted with ether, was stirred vigorously It absorbed hydrogen 
rcadilv, becoming completely decolorized in the course of two hours 
The platinum was filtered off, the solution concentrated, and the residue 
taken up in ether from which practically the theoretical amount of di- 
phe nylnaphthy 1 methane crystallized 

Attempts to Prepare Additive Compounds of the Free Radical. —In 
the expenments to form additive compounds of diphenylnaphthylmethyl 
the procedure followed was similar to that adopted in the preparation of 
the additive compounds of triphenylmethyl After the benzene solution 
of the fret radical had been concentrated as far as possible m the ap¬ 
paratus previously described, about 50 cc was added of the compound, 
the additive Undencv of which was to be investigated, and the dear 
solution was allowed to crystallize overnight The mother liquid was 
drawn off, and the crystals washed and then dried under reduced pressure 
m a slow stream of carbon dioxide A sample of the compound, usually 
from 15 2 g , was weighed out m a porcelain boat, placed into a glass 
tube about 40 cm long and heated under reduced pressure m an air bath 
at 80- 1 00 0 for one to two hours, a slow stream of carbon dioxide being 
passed at the same time through the tube The loss in weight of the 
sample in the boat should represent 111 each case the amount of the solvent 
in combination with the free radical, provided combination between the 
free radical and the solvent had occurred That the material suffered no 
appreciable decomposition as the result of the heating, was shown by the 
fact that at the end of the experiment it still absorbed 80-85% of the 
theoretical amount of oxvgen 

The action of the following solvents was investigated, at least two 
expenments, and more often three, being earned out with each solvent. 

Ethers Ethyl ether 

Amyl-ethyl ether 

Ester. Amyl formate. 

Ethyl acetate 
Amyl acetate 

1 Chichibabin, Ber , 37, 4709 (1904), 41, 2421 (1908) 
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Ketones.. .. 


Nitriles . 
Hydrocarbons 


Ethyl chloroacetate. 
Ethyl valerianate. 
Acetone. 

Dipropyl ketone. 
Methyl-butyl ketone. 
Acetonitrile 
Propionitrile. 
Benzene. 

Toluene. 

Xylene. 

Caprylene. 


No addition of diphenylnaphthylmethyl with any solvent took place. This 
is in marked contrast to the action of triphenylmethyl. 

Action of Light. —A solution of diphenylnaphthylmethyl when exposed 
to sunlight gradually loses color, the autooxidation being exceedingly 
slow. Solutions of the free radical in benzene and bromobenzene which 
have been exposed to light for 15 months still retain to a slight extent 
the color of the free radical. This is in contrast to solutions of triphenyl¬ 
methyl which are quite susceptible to light and become colorless after a 
few hours’ exposure, due to the formation of triphenyl methane and di- 
biphenylene-diphenyl ethane.' 



+ 4(C,H,),CH 


A solution of diphenylnaphthylmethyl which had been exposed to light 
was found to contain a considerable amount of diphenylnaphthyl methane, 
it seems probable therefore that the reaction proceeds in a manner similar 
to that in the case of triphenylmethyl 

3. Molecular-Weight Determinations of the Free Radical. 

Apparatus and Manipulation. —The molecular weight of diphenyl¬ 
naphthylmethyl was determined by the cryoscopie method using 5 different 
solvents. The apparatus was of the type devised by Beckmann in which 
a 2-ring stirrer is used, the upper ring being of wrought iron covered 
with platinum. This is attracted by an electromagnet attached on the 
outside of the freezing vessel, and rises and falls due to the alternate 
1 Gomberg and Cone, Ber, 37, 3546 (1904); Schraidlin atjd Garcia-Banus, Ibid., 
45i 1345 (1912)- 
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making and breaking of the current, effected by a metronome. The 
apparatus, as adapted by us for the purpose of the molecular-weight 
determination of triarylmethyls, has been described in detail in a previous 
paper. 1 The manipulation for the handling and introducing of the 
free radicals as there described has also been followed in the present case, 
with hydrogen as the inert gas to guard against oxidation. 

Selection of Solvents. —Since the primary object of these experiments 
was to obtain the molecular weight of diphenylnaphthylmethvl at different 
temperatures, it was attempted to select a series of solvents whose freez¬ 
ing points varied uniformly from o° to about 90 The selection of such 
a series proved extremely difficult, since, in the first place, the free radical 
is but slightly soluble in many of the solvents ordinarily suitable for 
crvoscopic determinations, especially those freezing at fairly low tem¬ 
peratures, and secondly, many of the more common solvents do not 
lend themselves sufficiently to the degree of accuracy required. For 
example, ethylene dibromide, dimethyl aniline, dimethyl oxalate and 
benzene can not be used because of the slight solubility of the free radical 
ill these solvents. 2 a-Bromonaphthalene, benzophenone, w-bromo- 
nitrobenzene, and azobenzene were found to be unsuited for accurate 
determinations, due partly to the readiness with which they supercool, 
and partly to the fact that from 5 to 8 minutes are required after the 
solution has started to freeze for the temperature to reach the highest 
point. Still another difficulty was encountered in the case of p-dibromo- 
benzene. Although this proved to be an excellent solvent and in general 
well suited for accurate determinations, it was found that the freezing 
point of the solution of the free radical did not remain constant but rose 
steadily with successive determinations showing that some manner of 
decomposition was taking place, due probably to the relatively high 
temperature of its freezing point, 87°. Therefore, experiments with this 
solvent were necessarily abandoned. 

After considerable preliminary investigation, the following series of 


solvents were selected: 

f. p. 

Nitrobenzene. 6° 

p-Bromotoluene. 27 0 

p- Dichlorobenzene. 53 ° 

p-Chlorobromobenzene. .. 65 * 

Naphthalene. 80° 


All these solvents were very carefully distilled, and in addition the p- 
1 This Journal, 39, 1662 (1917)- 

’ Schlenk and Renning (Ann., 394, 194 (1912)), have determined the molecular 
weight of diphenyl-a-naphthylmethyl in benzene by the cryoscopic method, obtaining 
values of 363 and 372 with concentrations of 2.4% and 2.8%. respectively. But we 
were unable to obtain even a 2% concentration of the free radical in lienzene at the 
temperature of its freezing point, 6°. 
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dichlorobenzene and p-chlorobromobenzene were crystallized from alcohol. 

The molecular depression constant of each solvent was determined for 
this particular apparatus and under exactly the same conditions that 
were to prevail in the experiments to follow, using as the solute triphenyl 
methane which had been painstakingly purified by repeated crystalliza¬ 
tion from alcohol and benzene. No correction was applied to the weight 
of the solvent to account for the amount which solidifies due to the super¬ 
cooling and thereby decreases the actual quantity of material functioning 
as a solvent. For the supercooling was fairly uniform as a rule, and 
consequently this error is automatically taken care of to a large extent 
by the molecular depression constant of the solvent which was determined 
with approximately the same degree of supercooling. 

The samples used for molecular-weight determinations were dried care¬ 
fully in the manner previously described, and in addition, were heated 
under reduced pressure in a slow stream of carbon dioxide for one hour at a 
temperature of 50 to 60to insure the removal of all traces of solvent. 
As a rule, 3 additions were made which provided concentrations ranging 
from 1% to 3-4%. 

Determination of the Molecular Depression Constants with (CtHdsCH 

(244.1). 


Solvent. 

Solvent 

G 

Tn phenyl 
methane 

G 

Couccn 

tration 

f /c 

Depression 
of freez¬ 
ing point 

Con¬ 

stant. 

1 Nitrobenzene. 

. 23 39 

0 217s 

0 93 

0 273 

71 7 



0 4262 

1.82 

0 530 

71 0 



0 6349 

2 71 

0 782 

70 3 





Av., 

710 

2 £-Bromotoluene. 

■ 26 54 

0 2817 

I 06 

0 366 

84 2 



0 5238 

1 97 

0 680 

84.1 



0 7826 

2 95 

1 013 

83 9 





Av., 84.1 

3 />-Dichloroben7ene. 

. 19.86 

0 2308 

1.16 

0 372 

78.1 



O 4721 

2 38 

O 74 * 

76.1 



0 7151 

3 60 

I 106 

75 » 





Av., 

76.4 

4 ^-Chlorobromobenzene_ 

24 60 

0.2889 

1.17 

0 486 101.0 



0.6033 

2.45 

I 003 

99 8 



0 9213 

3 75 

J 5*9 

99 0 





Av., 

99 9 

i Naphthalene. 

. 17.66 

0.2706 

3 53 

0.446 

71.1 



0.5408 

3 06 

0.889 

70 9 



0.8077 

4 57 

1.320 

70.5 


Av., 70.8 
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Determination op the Molecular Weight op DiPBENyL-a-NAPHTHYLMETHvi,, 

Diphenyl Concen- Depression 
Solvent naphthyl tration of freer Molecular 
Solvent F p G methyl G % ing point weight 

1 Nitrobenzene . 6° 23 23 o 2136 o 92 o 195 334 8 

o 4136 1 78 o 369 342 6 

o 6298 2 71 o 552 348 7 

24 00 o 2150 o 90 o 194 327 9 

o 4229 : 76 o 368 340 o 

o 6424 2 68 o 542 350 6 

23 41 o 2179 o 93 o 201 328 8 

o 4247 1 81 o 373 345 3 

o 6297 2 69 o 540 353 7 

2 />-Bromotoluene 27° 26 56 o 2367 o 89 o 245 305 9 

o 5084 1 91 o 487 330 6 

o 7869 2 96 o 736 338 5 

26 48 o 2485 o 94 o 257 307 1 

o 4992 1 89 o 483 328 2 

o 7327 2 77 o 692 336 3 

26 71 o 2645 o 99 o 264 315 5 

o 5075 1 90 o 482 331 5 

o 7400 2 77 o 686 339 7 

3 p- Dichlorobenzene 53° 20 01 o 2209 1 10 o 292 288 8 

o 4672 2 33 o 582 306 5 

o 7217 3 61 o 862 319 7 

19 90 o 2326 1 17 o 308 289 9 

o 4876 2 45 o 603 310 4 

o 7423 3 73 o 878 324 6 

19 89 o 2313 1 16 o 313 283 9 

o 4623 2 32 o 578 307 2 

o 7198 3 62 o 854 323 7 

4 p-Chlorobrotnobenzenc 65° 24 51 o 2748 1 12 o 410 273 2 

o 6025 2 46 o 827 296 9 

o 9520 3 88 1 257 308 7 

24 72 o 2665 1 08 o 397 271 3 

o 6116 2 47 o 839 294 6 

o 9626 3 89 1 263 308 o 

24 66 o 2915 1 18 o 423 279 2 

o 6178 2 51 o 836 299 4 

o 9577 3 88 I 241 312 6 

5 Naphthalene 1 .. 80° 17 88 o 2175 1 22 o 336 256 3 

o 4445 2 49 o 667 263 9 

* o 7125 3 98 1 035 272 6 

18 06 o 2136 1 18 o 329 254 5 

o 4402 2 44 o 649 265 9 

o 7073 3 92 1 016 272 9 

17 96 o 1976 1 10 o 304 256 2 

o 4387 2 44 o 655 264 o 

o 6982 3 89 1 on 272 2 


This Journal, 39, 1670 (1917) 
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Successive determinations showed that the freezing point of the solu¬ 
tion of any definite concentration remained perfectly constant. This 
shows that no decomposition was taking place, and together with the 
fact that no hydrogen was being absorbed, is sufficient proof that no 
reduction of the free radical to diphenylnaphthyl methane was occurring 
in virtue of the possible catalytic effect of the platinum stirrer. As a 
further check, at the end of the experiment ether was added to the solu¬ 
tion and air passed through it. From 80-82% of the peroxide was ob¬ 
tained instead of the usual 86%, offering in this way conclusive evidence 
that the free radical undergoes no change during the molecular-weight 
determination. In the following table, each experiment represents an 
individual preparation, and thus in no case were two determinations 
of the molecular weight made upon the same sample. Also, the sample 
was never more than one day old, the free radical being prepared in the 
afternoon, allowed to crystallize overnight, isolated the following morn¬ 
ing and the molecular weight taken the same afternoon. 

In the following diagram the results of the molecular-weight determina¬ 
tions are plotted in the form of curves, using the concentrations as ab¬ 


scissas and the values of 360 — 
the molecular weight as 

b 35Q\ _ 

ordinates. (The molec¬ 
ular weight calculated 340 _ 

for (C*H»)*(CuH T )C is __ 

293.) 330 - 

4. Discussion of Re- — 

suits. ^ 

A; 

Solutions of diphenyl- 3 / 0 . b. 
a-naphtliylmethyl pos- i 

sess intense color, much $00 ^ 
more so than those of tri- ■ 
phenylmethyl, but in the 29 °\ 
solid state both free rad- zgo 5 
icals are almost wholly _ ^ 
devoid of color. At- 
tention has been called 
in a previous paper, and 2e0 —~ 
it is emphasized again, Z so~~ 
that in the opinion of the 
writers, “Not dissocia- ?aA 
tion alone into triaryl- 
methyl, but, in addition, 


N / trobenz ene 


‘ p - 8romo bo fuene - 

1 1 1 ■ i-?/’- 



iSSisSSisisH 


Concert fra ft on rn | Per Cenf 
~S io ' is ' 30‘25 3.0' 3 .S 4.1 


the consequent tautomerization of this into its quinonoid modification 


constitute a satisfactory explanation of the color phenomena.” 
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The oxidation of diphenylnaphthylmethyl is similar in every respect 
to the oxidation of triphenylmethyl. In both instances there is equally 
rapid absorption and the theoretical amount of oxygen required to form 
the peroxide is absorbed, and in each case, approximately the same 
empirical peroxide factor of 86% is obtained. 

With iodine, diphenylnaphthylmethyl, like triphenylmethyl, reacts to 
form the corresponding iodide. But if the absorption of iodine is a 
measure of the degree of unsaturation, i. the degree of dissociation 
into the monomolecular state, then the titration of the free radical to the 
iodide should proceed more nearly to completion with diphenylnaphthyl¬ 
methyl than with triphenylmethyl. In reality, however, an equilibrium 
is reached when only 60% of the diphenylnaphthylmethyl has been trans¬ 
formed into the iodide, while the equilibrium w r ith triphenylmethyl is not 
reached until 80% of the free radical has been titrated. It is evident 
that although the absorption of iodine shows the presence of a free radical, 
it does not serve as an indication of the extent to which the free radical 
exists in the monomolecular state. The reaction is more complex than 
one of simple addition between the free radical and iodine, as it involves 
a mobile equilibrium between the dimoleeular and the monomolecular 
phases of the free radical as well as a mobile equilibrium between the 
monomolecular free radical and the resulting iodide, the limiting values 
of the latter equilibrium depending primarily upon the stability of the 
iodide and its tendency to dissociate. 

R 3 C — CR 3 2 R 3 C. 

R 3 C + I R,CI. 

The action of hydrochloric acid upon a solution of diphenylnaphthyl¬ 
methyl confirms in a measure the explanation advanced by Cbichibabin 
to account for the production of p-benzohydryltetraplienyl methane 
by the action of hydrochloric acid upon triphenylmethyl. Two reactions 
take place simultaneously. 

Triphenylmethyl reacts largely to form the polymer, p-benzohydryl- 
tetraphenyl methane, but 6% of triphenyl methane and triphenylmethyl 
chloride being formed; with diphenylnaphthylmethyl, however, the 
opposite is true, for in this case over 80% of the free radical goes to form 
diplienylnaphthyl methane and diphenylnaphthylmethyl chloride, the 
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remainder condensing to give the polymer. This polymer, which is per¬ 
fectly stable and agrees in its properties with p-benzohydryltetraphenyl 
methane, must be assigned one of two structures, 




The experiments concerning the formation of additive compounds with 
diphenylnaphthylmethyl lead to results which may seem at first to be 
wholly unexpected: namely, no addition is found to take place between 
this compound and the various classes of solvents. Therefore, the com¬ 
monly accepted view that triphenylmethyl forms additive compounds 
solely in virtue of its tendency to exist partially in the monomolecular 
state must be abandoned. For if this were the case we should also have 
additive compounds with diphenylnaphthylmethyl, and, moreover, to a 
much greater extent than with triphenylmethyl. 

How then can this apparent contradiction be explained? Unquestion¬ 
ably the typical, characteristic reactions of the triarylmethyls, such as 
oxidation and iodine absorption, are conditioned upon the existence of the 
equilibrium RjC — CRj 2R3C. But it need not necessarily follow 
that the more the R 3 C phase is favored, the greater must be the reactivity 
of the compound in question. Indeed, on purely a priori grounds the very 
opposite view may be taken with equal force, and this view would apply 
particularly to such reactions of triarylmethyls as are readily reversible. 
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Consider for instance the case of triphenylmethyl itself. Hexaphenyl 
ethane constitutes a system which is on the border line between such 
ethane compounds wherein the central carbon atoms function as tetra- 
valent and those wherein they function as trivalent. At room tem¬ 
perature the dissociation is only about 2 to 5% at most, but increases on 
warming and at 80° becomes appreciable, reaching as high as 25 to 30%. 
Being an unstable system, when chances for the formation of stable 
irreversible combinations with other compounds are lacking, triphenyl¬ 
methyl will evidence its unsaturation through temporary, feeble attach¬ 
ment of one radical to another, or through attachment to substances 
such as ethers, aldehydes, ketones, esters, chloroform, carbon disulfide, 
and even to completely saturated substances like heptane. But all such 
combinations, whether it be free radical to free radical or free radical to 
something else, exist in virtue of the residual, though very feeble, affinity 
in triphenylmethyl. On the addition to the system of slight amount of 
energy from outside, as 011 gentle heating, the union is disrupted and the 
free radical regenerated. Thus, the obvious predilection of triphenyl¬ 
methyl to assume the dimolecular state, and its proneness to enter into 
feeble combination with all possible solvents may be looked upon as 
consequences of one and the same cause, namely, that the trivalence 
of the carbon in triphenylmethyl is of a low order of stability. And 
now consider from the same point of view the case of diphenylnaphthyl- 
methyl. It is monomolecular to the extent of 70% even at 6°; the 
dissociation increases with the temperature and reaches completion at 
60 °. Evidently, in this particular free radical the trivalence of carbon is of 
such high order of stability that the radical lacks the tendency to enter 
into combination with itself, and presumably for the very same reason 
it is devoid of tendency to unite with ethers, esters, ketones, etc. Or, 
if union does occur, it apparently is of such feeble nature that complete 
dissociation takes place at room temperature. Even in cases where the 
new compound results from the radical not in virtue of some undefined 
additional or potential valences but in virtue of definite chemical reaction, 
the combination may still prove one that is readily reversible, as for 
instance diphenylnaphthylmethyl iodide, wherein the equilibrium at 
room temperature is R 3 CI 60%, R 3 C 40%- 
The above considerations lead to this conclusion: the higher the 
spontaneous dissociation of the hexa-aryl ethane, the greater the com¬ 
parative stability of the corresponding triarylmethyl is likely to be. 
It is to be expected that the existence of the monomolecular phase pre- 
ponderatingly over the dimolecular should be associated with a lack of 
propensity in the free radical to make additive compounds of the nature 
which characterize triphenylmethyl. This deduction is derived from the 
comparison of only two examples, and in the very nature of the case is 



1674 m. gomberg and c, s. schoEpFUE. 

only tentative. An examination of a large number of free radicals with 
this end in view is desirable. 

It is not intended to convey the impression that the capacity of the 
hexa-aryl ethanes to form additive compounds is believed to be contingent 
entirely upon their dissociation. Undoubtedly other factors must be 
taken into consideration, such as the chemical nature of the individual 
free radical. Triphenylmethyl forms additive compounds with various 
solvents for the same reason in part that triphenyl methane itself forms 
additive compounds with benzene and other solvents. The unsaturation 
state of triphenylmethyl may greatly enhance its additive properties but 
it could hardly be considered as the sole factor in the formation of these 
compounds. 

The results of the molecular-weight determinations of diphenylnaphthyl- 
methyl in nitrobenzene, />-bromotoluene, p-dichlorobenzene, p-chloro- 
bromobenzene, and naphthalene prove conclusively that we are dealing 
here with a phenomenon of molecular dissociation, wherein the products 
of dissociation are in equilibrium with the dissociating substance. An 
equilibrium of this nature might be expected to shift in favor of dissocia¬ 
tion (i) with dilution, (2) with an increase in temperature. 

(1) In every case, regardless of the nature of the solvent, we find that 
there is a steady increase in the molecular weight as we proceed from a 
1% to a 3-4% solution of diphenylnaphthylmethyl, i. e., an increase in 
concentration shifts the equilibrium in favor of the dimolecular modi¬ 
fication and, vice versa, a decrease in concentration shifts the equil- 
brium in favor of the monomolecular modification. Moreover, it is evi¬ 
dent from the similarity of the molecular-weight curves, Fig. 1, that this 
increase in dissociation with dilution is practically independent of the 
nature of the solvent. 

(2) Likewise, we see from Fig. t that there is a marked decrease in the 
molecular weight of diphenylnaphthylmethyl with an increase of tem¬ 
perature, showing that the equilibrium is shifted in favor of dissociation. 
Indeed, if we compare solutions of a definite concentration, e. g., 2%, 
and plot the temperatures as abscissas and the corresponding values 
of the molecular weight as ordinates, we obtain a remarkably smooth 
curve, shown in Fig. 2. From this curve it is evident that the effect of 
temperature upon the dissociation becomes greater as we proceed to higher 
temperatures, for the decrease in molecular weight for a given increase in 
temperature is not constant but becomes noticeably larger. In other 
words, between 70 and 80 0 for example, a change of 1 0 in the temperature 
produces a considerably greater effect upon the dissociation than a change 
of r° between 10° and 20°. 

The smoothness and uniformity of this temperature-molecular weight 
curve indicates that for a given concentration, the equilibrium between 
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the monomolecular and the dimolecular forms of diphenylnaphthyl- 
methyl is dependent largely upon the temperature and not to any ap¬ 
preciable extent upon the nature of the solvent, for otherwise we should 
expect noticeable irregularities in the curve. 

From Fig. 2 we find that for a 2% concentration the molecular 
weight of diphenylnaphthylmethyl is approximately 345 at a temperature 
of 6°; therefore at this 
temperature an equilib¬ 
rium is established be¬ 
tween 30% of the di¬ 
molecular and 70% of 
the monomolecular form 
of the free radical. As 
the temperature is in¬ 
creased, the molecular 
weight drops until at 
about 62 0 it reaches the 
value of 293, indicating 
that at this point all of 
the dimolecular modi¬ 
fication has dissociated and only the monomolecular modification is present 
in the solution. 

The molecular weight however does not become constant above this 
temperature but continues to decrease, reaching the value of 262 at 8o.°. 
And indeed, other free radicals containing naphthyl groups seem to ex¬ 
hibit the same peculiar behavior, as for instance in the case of a-naphthyl- 
xanthyl 1 and a-naplithyIphenyl(biphenyl)methyl. 2 How can these ab¬ 
normal values be explained? The possibility arises that under the in¬ 
fluence of comparatively high temperatures diphenylnaphthylmethyl 
may suffer a gradual decomposition of some sort. But any decomposition 
would necessarily be accompanied by a noticeable variation in the freez¬ 
ing point of the solution, and yet successive determinations showed that, 
on the contrary, the freezing point remained perfectly constant. More¬ 
over such possibility of decomposition is precluded by the fact that by 
oxidizing the solution at the end of the experiment, the usual amount of 
peroxide could be obtained. In a previous contribution dealing with this 
phenomenon we ventured upon a hazardous explanation, namely that the 
triarylmethyl may suffer further dissociation with the consequent pro¬ 
duction of a radical with a bivalent carbon, as for instance: 



(C 6 He),C — C10H- (C,H 6 ),C + C10H7, or 

(C,H 5 ) 2 C — C10H7 7 ^ (C 6 H 6 )C(C 10 H 7 ) + C 8 H 6 

1 Gomberg and Schoepfle, This Journal, 39, 1668 (1917). 

2 Scldenk and Reusing, Ann., 394, 195 (1913). 
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By reducing a solution of the free radical with hydrogen at a tem¬ 
perature of about ioo°, and identifying the products formed, it was hoped 
that it would prove possible to determine whether such a dissociation 
of the monomolecular diphenylnaphthylmethyl occurs. But as in the case 
of reduction at ordinary temperatures, the reduced solution contained 
only diphenylnaphthyl methane so far as the examination revealed. 
Consequently the explanation suggested above still remains unsupported, 
and yet it seems difficult to find any other explanation equally satisfactory. 

5. Summary. 

(1) Several new diphenyl- a-naphthylmethyl derivatives have been 
synthesized and described. 

(2) The important chemical reactions of the free radical, diphenyl-a- 
naphthylmethyl, have been studied including the oxidation, the reduction, 
the action of iodine, the action of light, and the action of hydrochloric 
acid. 

(3) It has been shown that diphenyl-a-naphthylmethyl, unlike tri- 
phenylmethyl, does not form additive compounds with various solvents, 
in spite of its high degree of dissociation, and a plausible explanation 
for this difference has been suggested. 

(4) By means of a series of exact molecular-weight determinations of 
diphenyl-a-naphthylmethyl extending over a range of temperature from 
6° to 80°, it has been proven that the temperature as well as the con¬ 
centration has a marked influence upon the degree of dissociation of free 
radicals, while the nature of the solvent seems to exert but slight in¬ 
fluence. 

(5) It has been shown that at a temperature of approximately 60 0 
diphenyl-a-naphthylmethyl is present in the monomolecular phase en¬ 
tirely, and that above this temperature the molecular weight suffers a 
further decrease, the cause of which has not been established. 

Ann Arbor, Vich 


[Contribution from the Chemical Laboratories of Columbia University, 

No. .123.) 

THE SYNTHESIS OF SOME HOMOLOGS OF THE TERPENES, 
DERIVATIVES OF 1,4-DIISOPROPYL CYCLOHEXANE. 

By MarsTon Taylor Booert and Clarence Peavy Harris. 1 

Received July 24, 1919. 

Introductory Part. 

An interesting fact concerning the terpenes, and one to which attention 
often has been called, is that the graphic formulas conventionally assigned 
1 The investigation reported in this article formed part of the work carried out by 
Mr. Harris as a candidate for the degree of Ph.D. under the Faculty of Pure Science, 
ColumbiaJUniversity. Its publication has been delayed by the war duties of the 
senior author. 
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to this numerous group of compounds all contain the following carbon 
skeleton, either as an open or as a closed chain - 




C— C 


There is something peculiar about this arrangement of carbon atoms, 
the effect of which is to endow the compound with properties markedly 
divergent from the lower homologs of the same series, and this peculiarity 
of behavior seems to be referable to the isopropyl rather than to the 
methyl group. 

The question presented itself therefore whether the presence of a second 
isopropyl group would cause any considerable change in properties as 
compared with homologs of the same series. The line of attack planned 
was to compare derivatives of the following types: 



CH, CH,—CH—CH, CHj—CH—CHj 

^Xylene. Cymene. p-Diisopropyl benzene. 


Derivatives of the first and second of these are numerous and well- 
known. Of the third type, very little appears to be on record. 

As the hydrogenized hydrocarbons were regarded as most interesting, 
because of their structural relationship to the naturally occurring terpenes, 
the first problem was the synthesis and study of such substances, and this 
paper records the results so far accomplished in this direction. It is 
hoped to continue the investigation. 

The only derivatives of 14-diisopropyl cyclohexane uncovered in our 
search of the literature were the p-diisopropyl cyclohexandiol-1,4 obtained 
by Wallach 1 on treating sabina ketone with methyl magnesium iodide, 
and the tetraphenyl f-phenylene glycol of Ullmann and Schlaepfcr* 
prepared by the action of methyl magnesium iodide upon methyl tere- 
phthalate. 

The new derivatives synthesized were as follows: tetramethyl 
p-phenylene glycol; 1,4-diisopropenyl benzene; 1,4-diisopropenyl-A 14 -di- 
hydrobenzene; two isomeric CuHib hydrocarbons from A^tetrahydro- 
terephtlialic acid; and certain bromine addition products of these hydro¬ 
carbons. 

The synthesis of these compounds was carried out briefly as follows: 

Cymene was oxidized to terephthalic acid by the action of sodium 
1 Ann., 263, 149 (1S91); 302, 362 (1898). 

’ Ber., 37, 20ot (1904). 
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dichromate in presence of sulfuric acid, the terephthalic acid esterified, 
and the ester treated in anhydrous ether solution with methyl magnesium 
iodide, giving the glycol (I). This was then dehydrated by heating it 
with potassium hydrogen sulfate, yielding the diisopropenyl benzene 
(II). 

In the case of the di- and tetra-hydrogenated compounds, obtained in 
similar manner from the hydrogenated terephthalic acids, the inter¬ 
mediate glycols (III and V) could not be isolated, as they lost water 
under the conditions of the experiment, passing immediately to the un- 
saturated hydrocarbons (IV, VI, VIII). 


OH 
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Derivatives of II in general proved more stable and hence more readily 
isolated and purified than the corresponding derivatives of IV, VI or 


VIII. 


Titration of II with a standardized solution of bromine in chloroform, 
and analysis of the product, both showed that 4 atoms of bromine had 
been added. Excess of the halogen caused no further addition nor any 
evolution of hydrogen bromide, 

Hydrocarbon IV possesses a constitution resembling the A' 4 -ter- 
padienes, and, like the terpenes, gives a deep green coloration with acetic 
anhydride and sulfuric acid. It reduces permanganate in the cold, adds 
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bromine and hydrogen bromide, and forms both a solid and a liquid tetra- 
bromide like limonene, to which latter it is also related structurally. 
Treated with bromine in excess, it appears to take up but 4 atoms of 
bromine, after which substitution sets in, as evidenced by the evolution 
of hydrogen bromide. This corresponds with the results observed by 
Perkin in the case of the analogously constituted A 3 ' 8 ( B )-p-menthadiene, 
and was ascribed by him to the presence of a true conjugated system of 
double bonds. The structure of the tetrabromide of IV therefore is 
probably that pictured in Formula VII; the solid and liquid forms being 
the cis and trans isomers. 

Hydrocarbon VI (or VIII), obtained from tetrahydro terephthalic 
acid in two isomeric forms, was much more sensitive to the action of 
bromine than either II or IV. Although these isomers decolorized the 
bromine solution instantly when first added, elimination of hydrogen 
bromide began very soon and we were unable to control it or to separate 
any pure brorno derivative from the products, the latter being oily, 
viscous and intractable. 

The behavior of the 4 hydrocarbons (II, IV, VI and VIII; towards 
bromine is thus quite different and obviously reflects some difference 
in their constitution. The smooth addition of 4 bromine atoms to II, 
the absence of any hydrogen bromide evolution even when excess of the 
halogen was employed, and the stability of the final product, all indicate 
side-chain and not nuclear addition. It is analogous to the addition of 
bromine to />-isopropenyl toluene 1 or to isopropenyl benzene. : On the 
other hand, Wallach* noted many years ago the evolution of hydrogen 
bromide during the formation of terpene tetrabromides, and Perkin* 
made a similar observation in the addition of bromine to certain p- 
menthadienes. Other investigators have had like experiences, and it is 
a well established fact that where bromine is attached to the carbon 
of a hydroaromatic nucleus hydrogen bromide splits out very easily. 
The indications therefore are that in the other unsaturated hydrocarbons 
(IV, VI and VIII) bromine adds to nuclear carbon and hydrogen bromide 
then splits out with formation of various as yet unidentified derivatives. 

In the case of the CuHjs hydrocarbons prepared from tetrahydro tere¬ 
phthalic acid, it has not been determined as yet whether they represent 
the two possible structural isomers (VI and VIII) which can be formed 
from tl^e dicarbinol by loss of water, or whether they are only geometrical 
isomers of one of these two (VI). 

A discussion of the refractivities and magnetic rotatory powers of the 
new hydrocarbons will be found in the Experimental Part. 

1 Perkin, J. Chem. Soc., 87, 654 (1905). 

’ Perkin, Ibid, 87. 672 (1905)- 
*Ann,, 279,389 (1894). 

4 J. Chem. Soc., 87, 667, 1101, 110a (1905). 
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bichromate in presence of sulfuric add, the terephthalic acid csterified, 
and the ester treated in anhydrous ether solution with methyl magnesium 
iodide, giving the glycol (I). This was then dehydrated by heating it 
with potassium hydrogen sulfate, yielding the diisopropenyl benzene 

(II). 

In the case of the di- and tetra-hydrogenated compounds, obtained in 
similar manner from the hydrogenated terephthalic acids, the inter¬ 
mediate glycols (III and V) could not be isolated, as they lost water 
Under the conditions of the experiment, passing immediately to the un¬ 
saturated hydrocarbons (TV, VI, VIII). 
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Derivatives of II in general proved more stable and hence more readily 
isolated and purified than the corresponding derivatives of IV, VI or 
VTII. 

Titration of II with a standardized solution of bromine in chloroform, 
and analysis of the product, both showed that 4 atoms of bromine had 
been added. Excess of the halogen caused no further addition nor any 
evolution of hydrogen bromide. 

Hydrocarbon IV possesses a constitution resembling the A l *-ter- 
padienes, and, like the terpenes, gives a deep green coloration with acetic 
anhydride and sulfuric acid. It reduces permanganate in the cold, adds 
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bromine and hydrogen bromide, and forms both a solid and a liquid tetra- 
bromide like limonene, to which latter it is also related structurally. 
Treated with bromine in excess, it appears to take up but 4 atoms of 
bromine, after which substitution sets in, as evidenced by the evolution 
of hydrogen bromide. This corresponds with the results observed by 
Perkin in the case of the analogously constituted A 3 - 8 (*]-p-menthadiene, 
and was ascribed by him to the presence of a true conjugated system of 
double bonds. The structure of the tetrabromide of IV therefore is 
probably that pictured in Formula VII; the solid and liquid forms being 
the cis and trails isomers. 

Hydrocarbon VI (or VIII), obtained from tetrahydro terephthalic 
acid in two isomeric forms, was much more sensitive to the action of 
bromine than either II or IV. Although these isomers decolorized the 
bromine solution instantly when first added, elimination of hydrogen 
bromide began very soon and we were unable to control it or to separate 
any pure bromo derivative from the products, the latter being oily, 
viscous and intractable. 

The behavior of the 4 hydrocarbons (II, IV, VI and VIII) towards 
bromine is thus quite different and obviously reflects some difference 
in their constitution. The smooth addition of 4 bromine atoms to II, 
the absence of any hydrogen bromide evolution even when excess of the 
halogen was employed, and the stability of the final product, all indicate 
side-chain and not nuclear addition. It is analogous to the addition of 
bromine to p-isopropenyl toluene' or to isopropenyl benzene. 5 On the 
other hand, Wallach* noted many years ago the evolution of hydrogen 
bromide during the formation of terpene tetrabromides, and Perkin* 
made a similar observation in the addition of bromine to certain p- 
menthadienes. Other investigators have had like experiences, and it is 
a well established fact that where bromine is attached to the carbon 
of a hydroaromatic nucleus hydrogen bromide splits out very easily. 
The indications therefore are that in the other unsaturated hydrocarbons 
(IV, VI and VIII) bromine adds to nuclear carbon and hydrogen bromide 
then splits out with formation of various as yet unidentified derivatives. 

In the case of the CuHu hydrocarbons prepared from tetrahydro tere¬ 
phthalic acid, it has not been determined as yet whether they represent 
the two possible structural isomers (VI and VIII) which can be formed 
from tfye dicarbinol by loss of water, or whether they are only geometrical 
isomers of one of these two (VI). 

A discussion of the refractivities and magnetic rotatory powers of the 
new hydrocarbons will be found in the Experimental Part. 

1 Perkin, J. Ckem. Soc., 87, 654 (1905). 

* Perkin, Ibid., 87, 672 (1905). 

* Ann., 279, 389 (1894). 

* J. Chm. Soc,, 87i 667. iioi, nos Usoj)- 
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In the course of this study, an improved process for the production of 
terephthalic acid from cymene was developed; and the methods of Baeyer 
for the preparation of A^-dihydro- and A^tetrahydroterephthalic acids 
were modified as so to improve the yields considerably. 

Experimental Part. 

p-Di(hydroxyisopropyl) Benzene (14-D1 (isopropanol-2) Benzene) 

(Formula I).—The raw material was crude cymene from the paper mills, 
which was washed with alkali, steam distilled and then fractioned under 
diminished pressure. In most cases, the distillation under reduced pres¬ 
sure could be dispensed with, the yields of terephthalic acid being just 
about as good when the dried steam-distilled product was used direct. 

This cymene was oxidized by boiling it, under a return condenser, 
with a mixture of sodium dichromate and sulfuric acid. To a solution 
of 560 cc. of cone. (sp. gr. 1.84) sulfuric add in 1500 cc. of water, 440 g. of 
technical sodium dichromate was added, and then 50 g. of cymene, and 
the whole boiled gently until the oxidation was completed, which was 
usually after about 48 hours boiling. It was found necessary to use 
resistance glass flasks, and to protect the corks with tinfoil against the 
solvent action of the cymene. 

Upon completion of the oxidation, the mixture was diluted with an 
equal volume of water, the crude acid filtered out, washed thoroughly 
with water, dried at 110° to remove traces of cymene, and then washed 
again with water to remove small amounts of chromium salts not easily 
eliminated so long as any cymene is present. The product thus obtained 
was micro-crystalline and nearly colorless. This method of purification 
was found more satisfactory than solution in alkali and repreeipitation 
by add. Final purification was always accomplished through the methyl 
ester. Yield of terephthalic add by the above process, 25-28 g., or 
approximately 45% of the theoretical amount. 

In spite of the slight solubility of both terephthalic acid and of its 
methyl ester in methyl alcohol, the add when suspended in this solvent 
can be esterified in two or three hours by the action of dry hydrogen 
chloride. The course of the reaction can be followed by the change in 
the appearance of the suspended solid from the granular condition of the 
free acid to the needles or plates characteristic of the methyl ester. The 
ester so prepared was crystallized once from ethyl alcohol and was then 
quite pure, m. p. 140.8 0 (corr.). Yield, 80 g. of pure ester from 100 g. of 
crude add, or about 70% of the theoretical amount. 

By the action of methyl magnesium iodide upon methyl terephthalate, 
the desired dicarbinol was obtained. 

This step presented something of a problem,, owing to the very slight 
solubility of the ester in anhydrous ether. After experimenting with 
various methods and different forms of apparatus, the one described 
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below, using the apparatus depicted in Fig. i, was devised and proved 
the most satisfactory. 



20 g. of methyl terephthalate was placed in the separatory funnel C. 
The Grignard reagent was prepared in the flask A from 10 g of magnesium, 
60 g. of methyl iodide and 800 cc. of anhydrous ether. 200 cc. of an¬ 
hydrous ether was introduced into the retort E and heated gently so that 
the ether distilled over into C at the rate of about 10 cc per minute, 
there dissolving the crystalline ester and carrying it down into E. As 
soon as this saturated solution of the ester began to enter the retort, a 
small amount of the Grignard reagent was blown over into the retort 
by compressing the bulb G. Instead of a rubber bulb, in later experi¬ 
ments there was employed a source of constant pressure, controlling 
the flow by the stopcock E. F contained soda-lime and calcium chloride. 
By this manner of operating, there was never any large excess of Grignard 
reagent in the reaction vessel E, and less danger of splitting water out 
of ttffe tertiary alcohol formed. 

The ester was dissolved completely in 3 or 4 hours, after which the 
contents of E were boiled gently for another hour, and then left over 
night at laboratory temperature. The ether was decanted from the 
insoluble addition product, the latter decomposed by ice and dil. hydro¬ 
chloric acid, and the mixture warmed on the water bath to remove ether. 
The dicarbinol was then filtered off and washed with water to free it from 



1682 MARSTON TAYLOR BQGERT AND CLARENCE PEAVY HARRIS. 


magnesium salts. Tlie somewhat sticky solid was heated at ioo° for 
half an hour with 200 cc. of 5% aqueous caustic alkali solution, to elim¬ 
inate traces of iodine and to saponify any unchanged methyl terephthalate, 
filtered, washed free from alkali, and crystallized twice from 50% ethyl 
alcohol. The dicarbinol was thus produced in colorless, short, lustreless 
needles; m. p. 142 4-142.9 0 (corr.), it was insoluble in water, but moder- 
rately soluble in alcohol or in glacial acetic acid. The yield of crude 
product was 15 g., or 85% of the theoretical amount; of pure substance, 
10 g., or 50% of tlie theoretical amount. 

Calc, for CuHisOj C, 74 23, H, 9 28 Found- C, 74 o, 73 8; H, 9 5, 9 4. 

r,4-Diisopropenyl Benzene (Formula II).—This diolefin was pre¬ 
pared from the above carbinol by heating it with dry powdered potassium 
hydrogen sulfate. As it polymerizes very readily, some investigation 
was necessary' to ascertain the conditions requisite for good yields. The 
following procedure gave the best results: 

8 g. of the dicarbinol was mixed intimately with 4 g. of powdered potas¬ 
sium hydrogen sulfate and distilled under reduced pressure, maintaining 
the temperature of the bath at 150° to 160 6 . At a pressure of 20 mm., 
the diolefin distilled over at 110 to 123 °, condensing to a colorless highly 
refractive liquid which soon changed to a white solid. Yield, 4.5 g., or 
68.4% of the theoretical amount. 

This hydrocarbon crystallized from dil ethyl alcohol in micaceous 
plates with high nacreous lustre, and possessed a very pleasant odor. 
It was easily soluble in the ordinary organic solvents at their boiling 
points. Recrystallized to constant m. p., it melted at 63.6-64° (corr.). 

Calc, for C U H». C, 9113, H, 8 87. Found. C, 90.8, 90 2; H, 8.7, 8.8 

M W. calc., 158 Found 153 

Tetrabromide.—Diisopropenyl benzene dissolved in chloroform was 
titrated with a standardized solution of bromine in the same solvent, 
determining the end-point with starch-iodide paper. The addition pro¬ 
ceeded rapidly at first, but slowed up toward the close, making the exact 
reading of the end-point a matter of considerable difficulty. No evolu¬ 
tion of hydrogen bromide was observed at any time during the reaction. 
The amount of standard solution consumed showed that the hydrocarbon 
had taken up 4 atoms of bromine. 

Evaporation of the chloroform solution yielded a solid, together with a 
small amount of a liquid product. Recrystallization of the solid gave 
pale yellowish, cubical crystals, m. p. 130.3-131.3° (corr.), of impure 
tetrabromide. In spite of 3 further recrystallizations from ethyl acetate, 
the product remained impure; but the amount of bromine found on 
analysis indicated that it was evidently a tetra- and not a dibromide. 
Insufficient material prevented further work in this direction. 
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1,4-Dlisopropenyl-A 1 > 4 -dihydrobenzene (Formula IV).—Baeyer 1 found 
that when terephthalic add was reduced by sodium amalgam, the first 
product of the reduction was the A 2 > s -dihydro acid. Upon boiling this 
with water, the A'^-dihydro acid was formed, whereas heating with alkali 
gave the A 1,4 -dihydro acid. The latter is therefore the most stable of the 
three and by carrying out the reduction at slightly elevated temperatures 
without neutralizing the alkali, the A 1 ' 4 add was the main product 

On repeating this work, we found that the yield of A 14 -dihydro add 
could be materially increased by various modifications of Baever's original 
process, and the method finally adopted was as follows: 

10 g. of methyl terephthalate was saponified by boiling with 500 cc. of 
water containing 5 g. of sodium hydroxide, the solution was cooled to 
50°, diluted to a liter and reduced by successive additions of 100 g. portions 
of 3 c /„ sodium amalgam, with vigorous stirring, until the permanganate 
test 1 showed a faint cloud only. It is essential that all of the terephthalic 
add be reduced at this point and before taking the next step in the process, 
since the solubilities of its ester are much the same as those of the methyl 
ester of the dihydro add and the complete separation of the two is there¬ 
fore a matter of no little difficulty. The mixture was heated an hour 
longer on the water bath, to complete the conversion of all A 1 ' 1 and A 1 - 6 
acids into the A'> 4 isomer, the aqueous layer decanted from the mercury, 
nearly neutralized and filtered. The filtrate was made strongly acid with 
hydrochloric add, the A'. 4 -dihydro acid filtered out, washed and dried. 
Yield, 6.3 g. of crude add, or 73 c -< of the theoretical amount. 

10 g. of this crude A l>4 -dihydro acid was converted into the add chloride 
by heating with excess of phosphorus pentachlonde. The crude chloride 
was cooled in a freezing mixture and, without further purification, cold 
methyl alcohol was added to it slowly. The ester separated almost 
immediately in small, white prisms. These were filtered out, washed with 
methyl alcohol, and recrystallized from ethyl alcohol, giving short, thick, 
lustreless prisms. From ethyl acetate, it crystallized in rhombs resembling 
calcium oxalate in appearance. Yield, 4.8 g„ or 4 . 1 % of the theoretical 
amount. M. p. 128.4-129.4 0 (corr,). Baeyer gives the m. p. as 130° 
uncorrected. 

This dimethyl ester was treated with methyl magnesium iodide, in 
anhydrous ether solution, in exactly the same way as already described 
for diethyl terephthalate, but no carbinol was isolated, dehydration 
occurring under the conditions of the experiments and the diolefin being 
the sole product recovered. 

From 12 g. of the ester, 6.5 g. of magnesium and 38 g. of methyl iodide, 
1 Ann., 245, 103 (1887); 251, 272, 392 (1889); 356, 1 (1890); 258, 1, 145 U890); 
266, 169 (1892); 269, 169 (1893); see also Perkin, J. Chem. Soc, 87, 1083 (1906). 

1 Baeyer, Ann., 24 Si 147 (1888). 
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9.5 g, crude product, or 79% of the theoretical amount was obtained. 
Direct crystallization of this crude product from alcohol, or distillation 
under diminished pressure, followed by crystallization from alcohol, 
gave only the unsaturated hydrocarbon and no dicarbinol. The hydro¬ 
carbon separated from alcohol in plates, with faint nacreous lustre, diffi¬ 
cultly soluble in water, but soluble in most of the ordinary organic solvents 
on heating. M. p. 117-117.5 0 (corr.). 

Calc, for C, 90.0, H, 10. Found C, 90.0, H, 101. 

M. W calc , 160. Found 161 5 

Tetrabromide. —When this hydrocarbon was dissolved in chloroform 
and titrated with a standardized solution of bromine in the same solvent, 
the bromine solution was decolorized until 1.93 moles, or approximately 
4 atoms of the halogen had been taken up. At this point the yellow 
color of the solution remained and a small amount of hydrogen bromide 
was evolved. Evaporation of the chloroform solution yielded an oil 
which could not be handled. 

By carrying out the addition of the calculated amount of bromine 
in glacial acetic solution, a small amount of cubical crystals was secured, 
which melted at 107 to 109° (corr.) after rccrystallization from ethyl 
acetate. Only 0.13 g. of these crystals was recovered. 

Calc for CuHi.Br. Br, 66 7 Found- 67 4 

Hydrocarbons from A'-Tetrahydro Terephthalic Acid (Formulas VI 
and VIII). — A’-Tetrahydro terephthalic acid was produced from tere¬ 
phthalic acid according to the method of Baeyer,’ with a few modifica¬ 
tions introduced to increase the yield. The amount of crude tetrahydro 
acid recovered averaged 96% of the theoretical quantity. The crude acid 
was converted into the acid chloride by the action of phosphorus penta- 
chloride, and the chloride then changed to the methyl ester by the action 
of methyl alcohol at low temperature. The methyl alcohol solution of the 
ester so obtained was poured slowly into a saturated aqueous solution of 
sodium hydrogen carbonate, which caused the ester to separate on top 
of the solution as an oily layer which quickly solidified. This was col¬ 
lected with ether, the ethereal solution dried with calcium chloride and 
fractioned under reduced pressure, the ester coming over at 153.3 to 
154.5 0 (corr.) at 20 mm. Yield, 45% of the theoretical amount. From 
water, it crystallized in colorless needles, m. p. 35.2-36.2° (corr.), soluble 
in most of the ordinary organic solvents. 

When this ester was subjected to the action of methyl magnesium 
iodide, in dry ether solution, in the manner described above for the other 
esters, the dicarbinol was probably the main product of the reaction, 
because when it was distilled under diminished pressure, both water and 
unsaturated hydrocarbon were recovered. Attempts to isolate the car- 
1 Loc. cit. 
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binol from the crude product however proved fruitless, so it was heated 
for 15 min utes at 180 to 190° with excess of potassium hydrogen sulfate, 
water added, the mass extracted with ether, the ethereal solution sepa¬ 
rated, dried over solid sodium hydroxide, decanted, the ether removed by 
distillation, and the residue fractioned at 20 mm. pressure. 

From g g. of crude carbinol, there were obtained 5 g. of a fraction (A), 
b. p. 95-98° at 20 mm., and 3 g. of a fraction (B), b. p. 105-108° at the 
same pressure Both were colorless oils, and on analysis proved to be 
isomeric C»Hu hydrocarbons. 

Analysis of A Calc for CuHis C, 88 g, H, 11 1 Found C, 885; H, 1098. 
M W calc, 162 Found 164. 

Analysis of B Calc for CkHk C, 889, H, 11 1 Found C, 88 8, H, 1095. 
M W calc, 1(12 Found 154 

Upon long standing in the air, Ixilh isomers became viscous and slightly 
yellow. 

Towards bromine, the behavior of the two isomers was much the same. 
Various solvents were tried. The bromine was absorbed quickly at the 
outset, but very’ soon evolution of hydrogen bromide began and the 
yellow color of the solution disappeared but slowly Addition of bromine 
therefore was continued as long as any reaction was evident, but the 
products were thick oils, from which no pure bromine dervatives could be 
separated. 

Specific Gravities, Refractivities, and Magnetic Rotatory Powers of 
the New Hydrocarbons. 

Specific Gravity.— The density of the liquid hydrocarbons (CuHis) 
was ascertained by use of a 1 cc. pycnometer. In the case of the solids 
(ChHh and Ci 2 H lt ), the specific gravity was determined by the “free- 
swimming” method regarded by Nemst 1 as the most accurate for small 
quantities of material. We employed the modification recommended 
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»5 0 

12. . . 

(a) 

4 57 

Benzene 

0 8872 

15 0 


1 Theoreikal Chmittry, from 6th German ed., 1911, p. 30J. 
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by Andrae. 1 The density of solutions of these solids was determined 
with a Westphal balance, and chloroform and benzene were used as the 
solvents. 

Table I gives the results of these determinations, the concentration 
of solute, density of solvent, and temperature (referred to water at 4°). 

In this and the following tables, (a) = CuHh, (b) = CuHu, and (c) = 
CisHu; (c) 9S being the fraction boiling at 95-98° at 20 mm., and (c) 101 being 
the fraction boiling at 105 to 108° at same pressure. 

Refractivity.— The determination of the refractive powers of these 
hydrocarbons was found somewhat troublesome, because of their slight 
solubility at the temperature employed, and the relatively high m. p. 
of the CuHie compound. It was necessary therefore to use quite dilute 
(3% to 5%) solutions. 

The coefficients of refractivity were determined by means of the l’ul- 
frich refractometer, using a Geissler hydrogen tube as the source of 
illumination. The indices of refraction were found in all cases for the 
a hydrogen or C line, and where chloroform solutions were used were 
determined also for the 7 hydrogen or G line. 

Molecular refractivities (M) were calculated by both the Gladstone- 
Dale (Table III) and the Lorentz-Lorenz (Table II) formulas. The 
admixture formulas, as given by Eisenlohr 2 were employed. According 
to Smiles* the admixture formula is accurate “if the solvent and solute 
have nearly the same refractive index; but if these differ much from one 
another” the results are not so reliable. Two solvents, benzene and chloro¬ 
form, therefore were employed and the average result taken as the nearest 
approximation to the truth. 

In Tables II and IV (Lorentz-Lorenz formula), and III (Gladstone- 
Dale formula), the liquids listed in the first column are the same as those 
given in Table I. Not much reliance should be placed upon Table IV, 
as the violet hydrogen line was indistinct in the instrument used; and 
for this reason the dispersivities were not calculated. 

Molecular refractivities were calculated from the atomic values re¬ 
cently revised by Eisenlohr; 4 figuring, for compound II, 12 C, 14 H and 
5 double bonds; for compound IV, 12 C, 16 H and 4 double bonds; and 
for compounds VI and VIII, 12 C, 18 H and 3 double bonds. 

To reduce the errors and inaccuracies arising from the determination 
of molecular refractivities in such dilute solutions, and to get a nearer 
approach to the truth, the average values obtained by the use of two 
solvents, benzene and chloroform, differing considerably from each other 

1 Z. physik. Chern., 76, 491 (191 1). 

* Spektrochmit organischtr Verbindungen, Stuttgart, 1913, p. 189. 

* Chemical Constitution and Physical Properties, London, 19H, p. 344. 

•Z. physik. Chem., 75, 585 (1910). 
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in refractive index, were calculated and appear in Table V. These were 
figured from Table II, since the Lorentz Lorenz formula is believed to give 
results more nearly correct than the Gladstone-Dale expression. 




Table 11 






71 j } orra 



Index 

n*-rortn 



Liquid 

H a or C 

Spec ref 

M (calc ) 

A/(obs ) 

i xa.ltat.ioD 

2 

1 49755 

0 35868 

52 674 

56 687 

4 013 

3 

1 44985 

0 35660 

52 674 

56 343 

3 669 

5 

j 49593 

0 35167 

53 171 

56 267 

3 095 

6 

145003 

0 36475 

53 172 

57 629 

4 458 

7 

148717 

0 33013 

53 670 

53 481 

—0 189 

8 

1 48650 

0 33080 

53 670 

53 473 

—0 197 

9 

1 49411 





10 

1 44172 







Table HI 






w Formula 



I licit X 

n Form 

— —. 

-- 


Liquid 

or t 

Spec ref 

M (calc ) 

,U[obs ) 

J saltation 

2 

1 49755 

0 61985 

90 2 

98 Ol 

7 81 

3 

1 44985 

0 61320 

90 2 

96 95 

6 75 

5 

1 49593 

0 60398 

90 4 

96 71 

6 31 

6 

1 45005 

0 62642 

90 4 

100 31 

9 9 i 

7 

1 48717 

0 55902 

90 6 

90 64 

0 04 

8 

1 48650 

0 55883 

90 6 

90 61 

O OI 



Table IV 






«* 1 or mula 



Index 

w* JTorm 

-- 

-, 


I iqmd 

H, or G' 

Spec ref 


A/(ob* ) 

] saltation 

3 

1 46620 

u 36192 

54 765 

57 184 

2 419 

6 

I 46570 

0 3659s 

55 152 

58 546 

3 434 

7 

1 50902 

0 34264 

55 457 

55 508 

O 051 

9 

I 52082 





10 

l 45852 







Table V 



Substance 


M (calc ) 

Af (observed) 

Exaltation 

(a) 


53 674 

56 515 

3 841 

(b) 


53 172 

56 948 

3 776 

<0* 


53 670 

53 481 

—0 189 

(<-)>» 


53 670 

53 

473 

—0 197 

Examination of Table V discloses the fact that the difference in exalta- 


tion between compounds (a) and (b) is within experimental error. If 
tBe structures assigned to these two hydrocarbons are correct, they differ 
only in that one contains a true benzene nucleus and the other a dihydro- 
benzene nucleus. The exaltation observed m the case of compound 
(b) is assumed to be due to the presence of two systems of conjugated 
double bonds. The exaltation recorded for compound (a) therefore 
would indicate the existence in it also of two such systems of double 
bonds, an assumption which is in line with the exaltation characteristic 
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of styrene and of other benzenoid compounds having an unsaturation 
adjacent to the nucleus, a fact which has been explained on the hypothesis 
that the external double bond becomes conjugated with an adjoining 
unsaturation of the nucleus. The third unsaturation occurring in the 
nucleus of (a) must bear a somewhat different relation to the molecule, 
or there would be 5 sets of conjugated double bonds present and a corre¬ 
spondingly higher refractivity. 

It is perhaps of interest to point out here that the Dewar formula for 
styrene (IX) contains but one system of conjugated double bonds and 
should therefore exhibit a smaller exaltation than hexatriene, and this 
has been found to be the fact. On the same formulation, diisopropenyl 
benzene (X) shows but two such systems and the same is true of its di¬ 
hydro derivative (XI). The difference in refractive power between the 
two therefore would be that due solely to the para bond. If we regard 
the centric formula for benzene as nearest the truth, we may look upon 
the Dewar formulation as the phase in which this centric formula pref¬ 
erably presents itself in the case of styrene and related compounds. The 
fact that the first reduction product of terephthalic acid is the A 4,5 -di- 
hydro acid apparently links it up with this para bond relation also. 

That the CuHu hydrocarbons gave a slight depression instead of an 
exaltation in molecular refractivity seems at first sight rather puzzling, 
in view of the assumed presence in their molecules of a conjugated system 
of double bonds, but the case is not unique, as it falls exactly into line 
with A'’’-dihydrobenzene, which both Harries 1 and Willstatter 1 found to 
give normal and not exalted values for refractivity. 

Magnetic Rotatory Power. —The apparatus employed consisted of an 
electromagnet having a hollow core to permit the passage of light, and 
with a polariscope attached to the same frame. The compound to be 
examined was placed in a 5 cm. tube between the poles, and the same 
tube was used in all the experiments, so as to avoid errors due to varia¬ 
tions in the thickness of the liquid. The angle was read to hundredths 
of a degree, and conductivity water was taken as the standard. 

Table VI gives the angle readings with direct and reversed currents, 
the total rotation, specific rotation, calculated and observed molecular 
rotation, and magneto-rotatory exaltation. The molecular rotatory 
power was calculated by the usual formulas for a pure liquid and for a 
solution. 

Table VII shows the average of the results with two different solvents, 
benzene and chloroform. The liquids used in Tables VI and VII, ap¬ 
pearing in the first column, are the same as those given in Table I. 

1 Ber., 45, 809 (1911). 

* Ibid., 45, 1468 (191s). 
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Table VI. 





Rotation 

Spec 
Total rot 


Kxajta- 

M fobs) tion 

Liquid 

Direct 

Reversed 

MCcalc ) 

Water 

4 

40 

—I 19 

5 59 



3 - 

5 

n 

— r 81 

6 92 2 962 

13 501 

24 404 IO 903 

12 

7 

16 

—3 86 

II 02 2 671 

*3 501 

22 003 8 502 

6 . 

4 

88 

—I 73 

6 61 2 028 

13 2 56 

16 753 3 497 

CI 

7 

09 

-3 86 

10 95 2 019 

13 256 

16 649 3 393 

7 

5 

79 

—2 79 

8 58 I 535 

13 on 

15 852 2 841 

8 

s 

82 

—3 06 

8 88 1 588 

13 011 

If) 423 3 412 

9 • 

4 

86 

— 1 54 

6 40 



10 

7 

16 

--3 77 

10 93 






Table VII 



Sub,t«*nce 



Spec rot 

A/ (talc ) 

M (ob*. ) 

Ex^ltattoa 

fa) 



2 817 

13 501 

23 204 

9 703 

(b) 



2 024 

*3 256 

16 701 

3 445 

(c) 



I 562 

13 on 

16 137 

3 126 


In considering the results obtained by magnetic rotation, it may be 
recalled that Perkin 1 found the difference in magnetic rotation between 
cyclohexane and benzene, 5 62, to be almost identical with that observed 
between hexane and hexatriene, 5 55, and concluded that benzene con¬ 
tained 3 conjugated systems of double bonds. By a comparison of the 
rotations of lmionene and the isomeric A 3,s ( 9 )-/>-menthadiene, he de¬ 
duced the value of the conjugation as 1.82. 

A glance at Table VII shows a value of 9 7 for p-diisopropenyl benzene, 
or the equivalent of 5 conjugated systems of double bonds (5 X 1.82 = 
9.1), a result which must be explained on the assumption that, in the 
magnetic field at least, this hydrocarbon possesses a nucleus corresponding 
to a Kckule and not to a Dewar formula. 

Diisopropenyl dihydrobenzene contains two conjugated systems of 
double bonds and should accordingly show a rotation of 2 X 1.82 = 3-64, 
which is very close to the value of 3.45 actually found. 

The behavior of the tetrahydro derivatives (c) is analogous to that of 
A 1 '‘-dihydrobenzene, which shows a normal refractivity but a magnetic 
rotatory exaltation, 2 although the figure actually found, 3.1, is somewhat 
higher than it should be for the structures assigned. 

Recapitulating the observations noted in the foregoing concerning 
these new hydrocarbons • 

Compound a (Formula II, CijHu) towards bromine gives no evidence 
of the presence of any conjugated systems of double bonds, but adds 
4 bromines like a simple diolefin. Its molecular refractivity, on the 
other hand, indicates the presence of two such systems; and, in the mag¬ 
netic field, it behaves as though possessing 5 such systems. 

1 J. Chem Soc., 69, 1025 (1896), 91, 810 (1907). 

* Perkin, J. Chem. Soc., 89, 854 (1906); 91, 806 (1907). 
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Compound b (Formula IV, CuHia), in its behavior with bromine, its 
molecular refractivity and its magnetic rotatory power, acts consistently 
as though containing two systems of conjugated double bonds. 

Compounds c (Formulas VI and VIII, C nil is) act towards bromine 
like substances containing conjugated double bonds such as to cause 
nuclear addition and not simple addition to side chains, although no pure 
bromine derivatives could be isolated. In their molecular refractivities 
and magnetic rotatory powers, they resemble A l>3 .dihydrobenzene. 

A dynamic representation of benzenoid structure, similar to that pro¬ 
posed by Collie, 1 which includes different static formulas as phases of its 
vibration, lends itself best to the interpretation of the behavior of the 
hydrocarbons described above. 

Summary. 

1. Unsaturated hydrocarbons, related to the terpenes, have been pre¬ 
pared by the action of methyl magnesium iodide upon methyl tere- 
phthalate and its di- and tetrahydro derivatives. 

2. The new compounds prepared were the j,4-diisopropenvl benzene 
(CuHu) ; 1,4-diisopropenyl-A 1,4 -dihydrobenzene (Collie); 1,4-diiso- 
propenyl-A^tetrahydrobenzene (CiiHin), or an isomer thereof; tetra- 
methyl p-phenylene glycol; and certain bromine addition products of 
the new hydrocarbons. 

3. The refractivities and magnetic rotatory powers of the new hydro¬ 
carbons, as well as their densities, have been determined and are discussed 
with reference to their bearing upon the structures assigned to these 
compounds. 

N»w York City 


[Contribution from the Chemical Laboratory of Case School of Applied 

Science. ! 

THE GENESIS OF PETROLEUM AS REVEALED BY ITS 
NITROGEN CONSTITUENTS. 

By Charles F. Mabbry. 

Received July 26 , 1919 . 

From what is known concerning natural processes of building up com¬ 
plex nitrogen organic compounds they are limited to the agency of vege¬ 
table or animal life. The circuitous laboratory methods leading through 
many changes to intricate structure have no counterpart in nature except 
through the influence of the life principle. If, therefore, such nitrogen 
derivatives are universally present in petroleum it is difficult to avoid the 
conviction that these bodies had their origin as evolution products of 
organic life, and that the hydrocarbons with which they are associated 
were evolved from the same source. The universal presence of nitrogen 
1 J. Chem. Soc., 71,1013 (1897). 
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compounds thus becomes of considerable interest as a determining feature 
of the genesis of petroleum especially since several of the heavier varieties, 
notably those from the California and Russian fields have been found to 
contain nitrogen compounds in large proportions. In a wide area of the 
California fields sufficient organic debris has been disclosed to account 
for all the oil in that region. The great deposits of petroleum here are 
unique in their conformation, and in respect to the nature of the oil are 
most interesting from the point of view of its composition. Like the 
immense stores in the Trenton Limestone of Ohio and Indiana the residual 
material from which it was formed is close at hand. Recent discoveries 
in California by Dr. Dickinson, of the “Martinez” beds of the Ioeene 
period has revealed in a broad expanse of marine shell life, 4000 feet 
thick, an abundant supply of organic material for the origin of all the oil 
in those great fields. In view of the immense production of petroleum 
in Russia, chiefly at Baku and Bibi-Eibat, it is surprising that the Russian 
government has made no investigation of its origin nor of the geological 
conditions of its formation. Were it not for the assiduous labor of Mr. A. 
Beeby Thompson who spent several years in those oil fields as an engineer 
in the interests of European promotors nothing would be known con¬ 
cerning them. The results of his observations are published in a book 
entitled “The Oil Fields of Russia,” London, 1904. In describing the 
oil sands and associated rock strata, Thompson denies an inorganic origin 
for Russian oil; vegetable matter he regards as doubtful, but animal or 
marine remains as the more probable source. 

Of the numerous speculative suggestions relating to the genesis of 
petroleum, its formation from carbides in the hot regions of the earth’s 
interior is perhaps the most plausible, for in the laboratory through 
acetylene hydrocarbons may be synthesized from metallic carbides. 
Assuming, however, such questionable formation of carbides, and the 
subsequent synthesis of petroleum hydrocarbons, it is scarcely con¬ 
ceivable that those hydrocarbons could withstand intimate contact 
with other volcanic vapors, nor the intense heat of volcanic conditions 
which has been suggested as the means of their transference to the geologic 
strata where petroleum is found. Still less could the unstable nitrogen 
derivatives of these hydrocarbons, if their similar synthesis could be 
imagined, survive exposure to such destructive conditions. The only 
possible source of these bodies was organic matter imbedded in the rock 
strata, and their solution in petroleum if formed from carbides could have 
resulted only from contact with infiltrated liquid hydrocarbons. 

The heavier varieties of petroleum in the California, Texas, Ohio, Canada, 
Russian and similar fields, are complex mixtures of the denser hydrocarbons 
with oxygen, sulfur and nitrogen derivatives. They all differ widely in 
composition from the lighter varieties in the Eastern territory of the 
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United States, Pennsylvania, W. Virginia and the Berea Grit of Southern 
Ohio, which are fairly pure mixtures of two or three series of hydrocarbons, 
those of the series, + 2 predominating. On account of the present 

isolation of the latter from carbonaceous matter that could in any manner 
be associated with their origin, except contiguous beds of coal, their source 
is not so readily apparent as that of other deposits. While they are for 
the most part free from sulfur, minute traces of the aromatic hydrocarbons, 
and oxygen derivatives are generally to be found, and nitrogen derivatives 
as shown by results to be described in this paper, are apparently every¬ 
where present. 

For a more extended discussion of what is here presented, as an in¬ 
troduction to the experimental results of this paper, reference is made to 
former papers. 1 

That nitrogen bases are generally present in Japan petroleum was 
shown by Mabery and Takano 2 who found in many samples from different 
fields, percentages of nitrogen varying from 0.35 to 1.5%. The wide 
distribution of these bodies in California petroleum appeared in the 
analysis of 16 samples from as many different fields that gave amounts 
from 1.0 to 2.55%. Ten samples of Ohio-Trenton Limestone petroleum 
gave percentages between 0.23 and 0,55%. Engler 3 enumerated the foreign 
petroleum fields where nitrogen bases have been identified-—Germany, 
Galacia, Rumania, Sumatra, South America, Egypt and Algiers, showing 
their wide distribution. 

These bases have been variously referred to as pyridine and quinoline 
or their derivatives by those who have separated them, more especially 
on account of their peculiar odor, and their general properties. In a 
more extended examination of the basic oil extracted from California 
petroleum, a series of bases were separated that appeared to be hydro- 
derivatives of methyl quinolines,* but further study of their structure 
two years ago, undertaken in this laboratory at my suggestion by Dr. 
L. G. Wesson, the results of which are not yet published, appears to 
indicate that these individual bases are straight methyl quinolines. 

With the object in view of demonstrating that the lighter varieties of 
petroleum in the Eastern fields contain nitrogen bases, through the generous 
kindness of Mr. Orton C. Dunn 5 of Marietta, O., 5 years ago I was able to 

1 “Mahone Petroleum, Its Origin and the Origin of Petroleum in General,” J. Ind. 
Eng. Chem., 33, 242 (1914); and "The Relations in Chemical Composition of Petroleum 
to Its Genesis and Geologic Occurrence,” Econ Geol., 1916. 

* J. Soc. Chem. Ind., 19, 502 (1900). 

* Das Erdcl, Leipsic, 1913. 

1 Mabery, J. Soc. Chem. Ind., 18, 504 (1900). 

‘With his scientific education and lifelong connection with the oil and gas in¬ 
dustry of this section, there are few men so thoroughly conversant with the geology, 
manipulation, and technology of the Eastern fields as Mr. Dunn. 
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procure authentic samples from widely different sections of this territory, 
and I have since been occupied with the aid of several assistants, a con¬ 
siderable portion of the time in the study of these interesting specimens. 

The following table presents the descriptive data of these specimens 
with those of certain heavier varieties: 

Table I. 

Data of Analyzed Specimens. 


Serial 

number 

Locality. 

Rock strata 

Feet iq 
depth 

General data. 

I 

Dudley, O. 

Berea grit 

1400 

Center of Macksburg 

2 

Emblenton, Pa 

Rosenberg sand 

124O 

Field 

Jaue Oil Co., 2nd sand 

3 

Malto, Ohio . 

First cow run 

38 

below Berea grit 

1000 feet from out- 

4 

Corning, Ohio 

Berea grit sand 

1150 

crop Well 50 yrs. 
old. 2 bbls. per day 
From J. Denman & Son 

5 

Marietta, 0 

Goose run sand 

150 

Uppermost producing 

6 

Newport, Ohio. ... 

Berea grit 

1170 

strata. East of 

Mississippi River. 
200 feet above Pitts¬ 
burgh coals 

Eureka field 

7 

Cabin Creek, W. Vir¬ 
ginia ... 

Berea grit 

2700 

Deepest Berea grit oil 

8 

Titusville, Pa. 

Third sand 

1200 

sand, running 15 
mos. 

Largest producing sand 

9 

Emblenton, Pa. 

Third sand 

1080 

in Western Pennsyl¬ 
vania 

Largest producing ?and 

IO 

Humble Field, Texas, 
medium. 

Sand 

2750 

in Western Pennsyl- 
vania 

From Sun Oil Co. 

11 

12 

Bartlesville. Okla— 
Vinton, La. . 


2750 

From Texas Oil Co. 

13 

Mabane Valley. 

Pure quartz sand 

r SO 

Field flooded by great 

14 

Mecca, Ohio. 

Sand 

150 

reservoir 

Producing 50 yrs. 

>5 

Sour Lake, Texas .... 

Sand 

UOO 

Sun Oil Co. 

l6 

Beaumont, Texas 

Sand 

IOOO 

Sun Oil Co 

17 

Jennings, La. 

Sand 

2000 

Texas Oil Co. 

18 

Caddo, La. 

Sand 

2200 

Sun Oil Co. 

19 

20 

21 

Humble Field, Texas, 

light. 

Morris, Kansas. 

Baku, Russia. 

Sand 

950-1300 

Sun Oil Co, 

Standard Oil Co. 


For the detection of the nitrogen bases and determination of nitrogen 
3 methods were employed. As a qualitative test (me or two liters of the 
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crude oil was vigorously agitated during several hours with dil. hydro¬ 
chloric add, the aqueous solution neutralized with sodium hydroxide 
and extracted with ether. Every specimen examined left an evaporation 
of the ether, an oily residue with the characteristic odor of the similar 
bases extracted from California and Russian petroleum in much larger 
amounts. The smallest yields were observed from the lightest Berea 
Grit and Pennsylvania crudes, but even these slight residues redissolved 
in acid and again predpitated with the alkali. Since acids do not remove 
completely the basic constituents, quantitative results were not possible 
by this method. 

Volumetric Determination of Nitrogen. 

On account of the minute amounts of nitrogen in the crude oils, and the 
difficulty of burning a large weight of the oil, the details of combustion 
had to be espedally adapted and applied with the utmost care. Since the 
combustion of a gram of the lighter oils gave only a few tenths of a cc. 
of nitrogen, the preparation of carbon dioxide of sufficient purity, the 
removal of nitrogen from the copper oxide and the complete combustion 
of the gases evolved in analysis altogether formed an extremely laborious 
task. Next to setting up a vacuum-tight apparatus the most tedious 
detail was the preparation of carbon dioxide suffiriently free from un- 
absorbable gas and the removal of this gas from the apparatus. At¬ 
tempts in the beginning to use magnesite failed on account of the large 
volume of gas needed, and also because magnesite from several different 
sources contains a considerable proportion of nitrogenous organic matter 
that decomposes slowly at the temperature at which carbon dioxide 
is evolved. Sodium hydrogen carbonate and manganous carbonate are so 
porous it is impossible to expel by heat all the air from the large amount 
necessary for the desired volume of carbon dioxide. All commercial 
potassium carbonate contains at least 0.5% of chloride, and chloride- 
free it costs $2.00 per lb. But after removal of the chloride by silver 
sulfate, long operation with this carbonate was unsatisfactory in the re¬ 
moval of nitrogen. As a last resort commercial sodium hydrogen car¬ 
bonate was found to contain only a trace of chloride that is not objec¬ 
tionable, but on account of its porosity, it persistently retains air. In the 
preparation of a generator, 12 kg. of this carbonate was partly dissolved 
in 5 liters of boiling water and the boiling continued for some time, then 
transferred boiling hot to an 8-liter bottle and the boiling continued by 
vacuum with frequent shaking, until it was cooled to room temperature 
and the vacuum finally let down with acid. The generator bottle was 
closed with a rubber stopper twice perforated for a dropping, glass stop¬ 
pered, sulfuric acid container, and an exit tube, and the neck inclosed in a 
wide, sheet iron cup which was filled to nearly the top of the neck with 
plaster of Paris. Within this enclosure which extended above the atop- 
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cock of the acid supply was contained sufficient castor oil to seal the 
stopper and if necessary the stopcock. The sulfuric acid used for genera¬ 
ting carbon dioxide was diluted with an equal volume of water which was 
kept constant while the mixture was boiled for an hour ; it was then partly 
cooled, quickly poured into a separatory funnel under a layer of gasoline 
and the funnel kept full of carbon dioxide. As the add was used in the 
generator the delivery bulb was also kept full of carbon dioxide. The 
nitrogen was collected in a Schiff nitrometer with a long capillary extension 
graduated to tenths of a millimeter. A power pump with a gage gradu¬ 
ated to millimeters and capable of exhaustion to less than 0.5 mm. was 
used for obtaining a vacuum, with a large bottle behind it filled with 
pumice moistened with sulfuric acid to retain moisture. Between this 
bottle and a full length manometer was an opening for testing the gas 
and running it off in large amounts. 

Complete combustion of the gases evolved in the analysis of petroleum 
oils as they are mixed with a large proportion of carbon dioxide requires 
a high temperature and long contact with copper oxide. While a glass 
tube must be used for the initial decomposition it cannot withstand the 
final temperature in vacuum operation. Copper oxide slowly fuses into 
a quartz tube unless a carborundum sleeve is inserted which is incon¬ 
venient, and quartz becomes extremely brittle and breaks easily on con¬ 
tinued heating especially at very high temperatures. But it is sufficiently 
durable for a limited number of determinations, and was used for the 
combustions that were started in vacuum. For a part of those that were 
made under atmosphere pressure a steel tube was employed with the 
advantage that temperatures could be maintained up to the fusion of the 
copper oxide. 

The method of analysis was a combination of the Dumas procedure 
for nitrogen and the oxygen combustion for carbon. In the glass tube 
in the rear furnace half filled with copper oxide, a vacant space was re¬ 
served for the boat containing the oil with an oxidized copper roll dose 
behind it, in the analysis of the lighter oils, and behind that a large boat 
filled with fused potassium chlorate. In the forward furnace the quartz 
or steel tube was filled the length of the furnace with coarse wire copper 
oxide and the projecting ends were kept cold. Tight joints at the ends of 
both |.ubes were maintained with seals of castor oil over rubber stoppers. 
Other connections were made vacuum tight by means of a special form of 
thick rubber tube with narrow bore, obtained from the Nela Park labora¬ 
tory of the General Electric Company, also luted with castor oil. 

With all connections of the apparatus properly adjusted the next step 
was the removal of air which included the film adhering to the entire 
inner surface, the adsorbed gas from the copper oxide, and most/iifficult 
of all that persistently held by the solid hydrogen carbonate. Then with 
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the temperature of the copper oxide in the glass tube held as high as the 
tube would stand, and in the silica tube at full red heat, the system was 
repeatedly evacuated and filled with carbon dioxide extending through 
several days, until tests showed that the unabsorbable gas was removed 
to the limit of at least one part in 30,000, and combustion of one g. of 
sugar gave o.r cc. of gas not absorbed, when part of the analyses were 
made, and 0.05 cc. at other times, which were the corrections applied 
to the specimens of oil analyzed. Continuous operation of the apparatus 
for two weeks until the supply of bicarbonate in the generator was com¬ 
pletely exhausted failed to reduce the amount of unabsorbable gas lower 
than this limit. Since the nitrogen bases in petroleum are not volatile 
in air or in vacuum at ordinary temperatures in the analysis of the lighter 
oils much time was saved by allowing the more volatile hydrocarbons 
to evaporate in the air to the extent of ‘/a or more of the weight of the 
oil, and complete combustion of these oils was more readily assured by 
beginning the analysis under vacuum. Since nitrogen is always held 
by the residual coke this must be completely burned in a stream of oxygen 
from the rear potassium chlorate; a slow evolution of oxygen from the 

Table II. 

Percentages ot Nitrogen in Specimens of Table 1 . 


Serial 


Total wt. 

Cc. of 

Corrcc- 

No. cc 

% nitro- 

% i>y 

number. 

Sp gr. 

of Oil. 

nitrogen 

tion 

in oil. 

gen in oil. 

Kjeldaill. 

I. 

0 8238 

0 6475 

O 25 

0.09 

0.16 

O 027 

0.022 

2 . 

0.8809 

0 7890 

0.21 

O 09 

O. I 

0.0136 

0,014 

3. 

0.8326 

0.8707 

O 41 

O.09 

O 32 

0.059 

0.043 

4. 

0 8404 

O 9205 

0.45 

0.09 

0.36 

0 41 

0.045 

5. 

0.7907 

0 9865 

O 24 

0 09 

0 15 

0.016 

O 019 

6. 

0 7904 

I.0876 

033 

0.09 

0.24 

O.024 

O.OI4 

7 . 

0 8139 

1 0732 

0 39 

O 09 

0 30 

O 029 

0.049 

8. 

0 7904 

0.7525 

0.22 

O.09 

0.13 

0 018 

0.01 



1-2445 

015 

0.05 

0.10 

0.01 


9 . 

O 8007 

0.8913 

0.19 

O.09 

0.1 

0.012 

0 on 



1 7550 

0.20 

0.05 

0 15 

O.OII 


IO . 

0 9066 

0 7535 

0.54 

0 09 

0.45 

0.058 

0.068 

11 . 

0 8625 

0.6458 

0 58 

0 09 

0 48 

0.074 

0.082 

12. 

0 9014 

0 6854 

0.55 

0 09 

0,46 

0.067 

0.079 

13 . 

0 9036 

0.9023 

0.40 

0.05 

0 35 

0.049 

0.054 

•4 . 

0 9023 

0.7020 

0.35 

0.05 

0.30 

0.054 

0.044 

15 . 

0.9302 

O 82l8 

0 64 

O.09 

0 55 

0 067 

0 082 

l6 . .. 

0 9175 

05630 

O.25 

O 09 

0.16 

O 023 

0 016 

17 . 

0.9054 

0.6220 

0.39 

0.09 

0.30 

0.48 

0 039 

18. 

0 8584 

O.6OOO 

0 39 

O 09 

O JO 

0.050 

0.057 

19 . 

0.8227 

I.9985 

0.39 

0.09 

0 39 

0,015 

0.017 

20. 

0 . 8499 

0.9870 

0,44 

0.09 

0.35 

0035 

0.04s 

21. 0 8650 

Coke (No. 7) from 1000 g. 

0.7021 

0-45 

O 05 

0.40 

0.071 

0.06 

oil, 70 g. coke... 


1.6501 

r.8 

O.09 

1.76 

0.13 


Nitrogen from oil retained in coke_ 




0.009 

... 
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beginning of the combustion without the aid of the copper roll is sufficient 
to prevent backward distillation, and it aids the forward movement and 
partial burning of the gases. After the oil is completely burned the tubes 
are swept clear of nitrogen with carbon dioxide from the generator, and the 
reduced copper oxide reoxidized with tank oxygen. If this be done with 
the tubes hot, after a few evacuations the system is ready for the next 
analysis. Even with this large surface of copper oxide the combustion 
cannot be pushed too rapidly for unburned gases will escape. One g. of 
oil requires two to three hours in safe operation. The average room 
temperature, 25 °, and the average barometer readings 740 mm. were used 
in the reduction of the volume of nitrogen to standard conditions. In the 
preceding table are presented the data of the volumetric determinations 
together with analysis of the same specimens by the Kjeldahl method 
using 5 g. of the oil, which were made by Professor M. F. Coolbaugh. 

Summary. 

Proof has been given of the presence of nitrogen in petroleum of all the 
principal oil fields, in forms of combination that could have had their 
origin only in the remains of vegetable or animal bodies. Presumptive 
evidence has been shown that the associated hydrocarbons in petroleum 
had the same origin. 

A special method of analysis for the determination of minute propor¬ 
tions of nitrogen in oils is described. 

Cleveland, Ohio 


1 Contribution irom tup: Chtmicm. Labor \tory of Harvard Vniverrity ] 

STUDIES IN THE CYCLOPROPANE SERIES. IX. NITROCYCLO- 
PROPANE DERIVATIVES. 

By IiuM'iR Prrr.R Kohler and M Srinivasa Rao 
Received August 27, 1919 

The following paper deals with a cyclopropane derivative which has 
an alkyl group in place of one of the aryl groups contained in all the 
nitrocyclopropane derivatives described in earlier papers. Substances of 
this type are not easily made. In order to avoid complications in pre¬ 
paration it finally proved necessary to use tertiary butyl compounds. 
Tlje substance studied, therefore, was phenyl-trimethylacetyl-nitro- 
cyclopropane: 

(0 (0 

C.H.CH — CHCOCfCH s )i 

\/ 

CtlCHNO, 

This substance was made without much difficulty by adding nitro- 
methane to benzalpinacoline, brominating the addition product, and 
eliminating hydrogen bromide from the resulting bromo compound: 
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C«HjCH: CHCOC(CHj)* + CH,NO, = C e H 6 — CH — CHsCOCfCH^a (I) 

I 

CHjNOj 

C«H 5 CHCH s COC(CH,) s + Br. = C,H 1 CHCHBrCOC(CH 8 ), 

| ! + HBr (II) 

CHjNOs CHjNOj 

C t H s CHCHBrCOC (CHj) 3 C,H S CH — CHCOC(CH,), 

| +CH 3 C 0 2 K== \/ (III) 

CHjNOj CHNOj + KBr + CH.COjH 

The reactions are similar to those used in the earlier work but the 
bromo compound does not give up hydrogen bromide nearly so easily 
as the corresponding substances containing only aryl groups, hence the 
yield of cyclopropane derivative was smaller. 

The substitution of a tertiary butyl for a phenyl group, as was to be 
expected, does not materially alter the chemical properties of the cyclo¬ 
propane derivative. Unfortunately it also does not lower the boiling 
point of the products obtained from the cyclopropane derivative suffi¬ 
ciently to make separations by vacuum distillation feasible—one of the 
advantages we hoped to gain by the substitution. 

The cyclopropane derivative readily combines with other substances; 
the ring in all cases opens between carbon atoms (1) and (2). The struc¬ 
ture of the products was established with less difficulty than we antici¬ 
pated. Thus with bases the substance gave a product which has the 
composition C9H18O2, and which must be a diketone because it gives a 
copper derivative when shaken with a solution of copper acetate, and 
two isomeric isoxazole derivatives when treated with hydroxylamine. 
The structure of this di-ketone was established by synthesis from ethyl 
phenylacetate and pinacoline: 

CsHsCH^OOQHs + CH 8 COC(CH 8 ) 8 = 

C,H 6 CH 2 COCH 2 COC (CH,) 8 + CjHsOH. 
It is evident that this substance can be formed from the cyclopropane 
derivative only by opening the ring between carbon atoms (1) and (2), 
the reaction being expressed by the equation. 

C»H S — CH —CHCOC(CH 3 )j 

\ / + NaOH = C<H e CH,COCH s COC(CHj) 8 + NaNOs 

CHNOj 

The product obtained by adding hydrogen bromide to the cyclopro¬ 
pane derivative has the composition C«Hu 0 8 NBr. It very easily loses 
both nitrous and hydrobromic acids, but by cautious treatment with 
potassium acetate it is possible to convert it into an unsaturated nitro 
compound which is isomeric with the cyclopropane derivative, ChH^OsN, 
and which must have a double linkage next to the phenyl group because 
it gives benzaldehyde as one of the oxidation products. When this un¬ 
saturated nitro compound is treated with hydrogen bromide in glacial 



nitrocyclopropane derivatives. 1699 

acetic add it not only adds hydrobromic acid but also undergoes reduc¬ 
tion, the reaction being expressed by the equation: 

C, 4 Hi 7 0 ,N + 3HBr = C M H, 6 ONBr + Br 2 -f 2H 2 0. 

The resulting bromine compound, finally, when reduced with zinc 
gives one of the isoxazole derivatives that is obtained from the d-diketone 
in accordance with the equation: 

C„H 6 CH,COCH 2 COC(CH s ), + NHjOH =C«Hi,CH 2 C —CH = CCfCH-,9 

ii | + 2H 2 0 

N - O 

This rdation establishes the structure of all the intermediate products, 

the successive reactions bang represented by the following equations: 

CsHiCH — CHCOC(CHj)i 

\/ + HBr =-C»H b CHRrCHKOjCH.COC(CH,), (I> 

CHNOj 

C«HiCHBrCHNO<CHjCOC(CHj)i HBr =■ C t H,.CH. C(NO,)CH : COC(CH ; b (IT) 
C,H,CH C(N 0 2 )CH,C()C(CH 3 ) J +.iHBr = C«H l CHHrC-CH = CC<'CfI 3 ), 

!| 1 +Br s +>H.O (HI) 

N-() 

C'eHsCHFrC - CH = C(CH,)» C,H,CH 2 C -CH = CCi'CHjh 

|| | + H, - || I fHRr (IV) 

N- —() N-U 

Experimental Part. 

7-Nitro-/3-phenyl-propyl-tertiary butyl ketone, N 0 2 CH 2 CH(C#H 6 )CH 2 - 
COC(CH s )j.—A very concentrated solution of sodium methylate con¬ 
taining 3 g. of sodium was added to a solution of 19 g. of benzalpina- 
coline and 4 g. of nitromethane in 45 cc. of dry methyl alcohol. The 
mixture was shaken until all of the sodium nitromethane had gone into 
solution and then immediately cooled in ice water. The well cooled 
yellow or orange colored solution was acidified with glacial acetic acid 
which was added drop by drop while the mixture was stirred vigorously. 
This precipitated the product as a white powder contaminated with a* 
small quantity of oil and with sodium compounds that are held tenaciously. 
The powder was washed with cold methyl alcohol to remove the oil and 
then very thoroughly with water to remove sodium compounds. This 
left a colorless product which after drying was sufficiently pure for 
bromination. For the purpose of analysis it was crystallized from methyl 
alcohol from which it separated in minute colorless plates. 

Calc, for ChHii>Oi C, 674,11,77. Found C, 67.1; H, 75 

The nitro-ketone is readily soluble in all common organic solvents 
except ligroin. It melts at 74°. The yield was 80 to 90%. 

y-Nitro-d-phenyl-a-bromo-propyl-tertiary butyl ketone, N 0 2 CH 2 CH- 
(C«Hs)CHBrCOC(CHj)j.—For the purpose of bromination the nitro- 
ketone was, as usual, suspended in a small quantity of chloroform or car- 
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bon tetrachloride. With the pure substance the reaction starts promptly 
at the ordinary temperature, but the crude washed and dried product 
usually has to be heated to the boiling point of the solvent. The ketone 
dissolves as the reaction proceeds and the bromo compounds generally 
begin to separate before it is complete. After adding a slight excess of 
bromine the solvent was removed under diminished pressure and the 
solid residue washed repeatedly with small quantities of methyl alcohol. 
This left a colorless mass composed mainly of two isomeric or-bromo 
compounds. The yield of mixed bromo compounds was 92%. 

In order to separate the mixture of monobromo compounds it was 
first extracted two or three times with small quantities of boiling methyl 
alcohol. The residue—composed mainly of the higher melting sub¬ 
stance—after several crystallizations from methyl alcohol gave a product 
which separated in large needles melting constantly at 143-144 0 . This 
bromo compound is sparingly soluble in methyl and ethyl alcohols, mod¬ 
erately in chloroform and carbon tetrachloride, readily in acetone. 

Calc foi CuIIiitLNBr C, si 2, H, * 5 Found C, so <), H, 5 6 

The lower melting compound was obtained by repeated recrystalliza¬ 
tion of the solid that separated from the first methyl alcoholic extract of 
the mixed substances. It separated in colorless plates which melted at 
74-75 °- 

Calc for CuHisOjNBr C, 51 2, H, 5 5 Found C, 51 •>, H, s 8 

i-Phenyl-2-trimethylacetyl-3-nitro cyclopropane, C 0 H fi CH—CHCO- 

\/ 

chno 2 

C(CH 3 )3.—The lower melting bromo compound is stable in boiling methyl 
alcohol but it is rapidly converted into the higher melting isomer by 
methyl alcoholic potassium acetate. Thus a pure specimen melting at 
75 0 was boiled with methyl alcohol for nearly an hour without change in 
melting point but when boiled for another hour after a little potassium 
acetate had been added to the solution it melted sharply at 145 °. Both 
bromo compounds, consequently, give the same cyclopropane derivative. 
This was, therefore, commonly made by starting with the mixed bromo 
compounds. 

The elimination of hydrobromic add is so difficult that it is not feas¬ 
ible to transform a given quantity of the bromo compounds completely 
into cyclopropane derivative in a single operation, for after the concen¬ 
tration of the cydopropane derivative reaches a certain point, boiling 
potassium acetate decomposes it as rapidly as it removes hydrogen 
bromide from the bromo compounds. The most satisfactory procedure 
was as follows. 

A concentrated solution of 25 g. of the mixed bromo compounds in 
methyl alcohol is boiled with 8 g. of potassium acetate for half an hour. 
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Eight g. more of potassium acetate is then added gradually to the boiling 
solution, and the mixture refluxed for another 15 minutes. Half of the 
methyl alcohol is now distilled off and the residue cooled in a freezing 
mixture. The resulting solid is washed first with a little methyl alcohol, 
then with water until free from bromide. The colorless solid remaining 
is dissolved in the minimum amount of boiling methyl alcohol and the 
solution allowed to cool. It deposits the cyclopropane derivative in 
large transparent cubes which after washing with methyl alcohol are 
analytically pure. The filtrate may deposit some more cubical crystals 
but the second crop generally is a mixture composed largely of needles 
of the higher melting bromo compound. While the mixture may be 
separated mechanically, it is more economical to repeat the treatment 
with potassium acetate. 

The yield of pure cyclopropane derivative was about 60%—the sub¬ 
stance crystallizes in cubes and melts at 94 It is readily soluble in all 
common organic solvents except ligroin. 

Calc for ChH, O.N C, 67 g, H, f> u Fouml C, 67 s. H, C 7 
Action of Alkalies. —The cyclopropane derivative is readily attacked 
by alkalies. These invariably remove nitrous acid from the substance 
and under most conditions they transform it into a number of oily prod¬ 
ucts from which it is impossible to isolate pure compounds. The fol¬ 
lowing procedure, however, gave a fair yield of a solid product: A con¬ 
centrated solution of sodium methylate containing 6 g. of sodium in 50 
cc. of dry methyl alcohol was added slowly and with constant shaking 
to a suspension of 20 g. of the cyclopropane derivative iii 15 cc. of the 
same solvent, which was cooled in ice water. The mixture was then 
vigorously shaken on a machine. After several hours, during which all 
of the substance dissolved and most of the sodium nitrite separated, it 
was transferred to a vacuum desiccator and evaporated to complete 
dryness over sulfuric acid. This left an orange colored residue composed 
mainly of sodium nitrite and an organic sodium compound. The latter 
was extracted with methyl alcohol and the well cooled solution cautiously 
acidified with sulfuric acid. The resulting solid was purified by recrys¬ 
tallization from methyl alcohol. 

Calc for CuHnOa C, 77 1. H, 8 2 Found C, 77 J, H, 8 4 
The composition of the substance indicated replacement of the nitro 
group by hydroxyl : 

CjHsCH — CHCOC(CH,), C.H.CH — CHCOC(CH,) s 

\ / + NaNO, - \ / 

CHNOj CHOH + NaNOs 

The properties of the substance, however, could not be reconciled with 
such a formula; for while it formed a phenylcarbamate with phenyli^p- 
cyanate, it gave a color reaction with ferric chloride, formed a sodium 
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derivative with sodium ethylate and a copper derivative with copper 
acetate, and was converted into an isoxazole by hydroxylamine. These 
are characteristic reactions of d-diketones. 

The two d-diketones that might be formed from the cyclopropane 
derivative are represented by the formulas. CoH 5 CH 2 COCH2COC(CHj)j, 
C«H f ,COCH ! COCH s C(CHa) 3 . Inasmuch as the substance gives phenyl- 
acetic add and pinacoline when boiled with alcoholic potassium hydroxide 
it can not have a benzoyl group. This excludes the second formula. 
We therefore undertook the synthesis of phenylacetyl-trimethylacetyl- 
metliane. For this purpose 2 3 g of sodium was added to a well cooled 
solution of 32 g. of ethyl phenyl acetate and 15 g. pinacoline in 150 cc. 
of dry ether. The solution was kept in ice water for several hours, then 
at the ordinary temperature until all of the sodium had disappeared. 
It was then aridified, extracted with sodium hydrogen carbonate until 
free from phenylacetic acid, and finally shaken with a cold saturated 
solution of copper acetate. This precipitated a pale green copper de¬ 
rivative which, when shaken with hydrochloric acid and a little ether 
gave the same substance that had been obtained from the cyclopropane 
derivative: 


C«H 6 CHjCO.OC 2 H 5 + CH a COC(CHi)s = 

C 6 H 6 CH 2 COCH 2 COC(CH,), + C 6 H s OH 
Phenacetyl-trimethyl acetyl-methane is readily soluble in ether, mod¬ 
erately in alcohol, very sparingly in ligroin. It crystallizes in needles and 
melts at 44 °. In alcoholic solution it gives a deep red color with ferric 
chloride. When it is oxidized with permanganate in acetone it gives 
almost exclusively benzoic and trimethyl acetic acids while when oxi¬ 
dized in alkaline solution with aqueous permanganate the sole organic 
products are phenylacetic and trimethylacetic acids. It is, therefore, evi¬ 
dently capable of enolizing in two different ways: 

C«H„CH C — CH,COC(CH,h ~T* L,H„CHjC< tCHjCOCfCIhJi < * 

[ CtHiCHjC.CHCOCfCH,), 


OH 


OH 


The phenylcarbamate of the diketone: 

C,H,CII = C — C'H 2 COC(CHjJj QHiCHiC = CHCOC(CHj), 

I or I 

O — CONHC«Hi () — OONHC.H, 


To prepare the carbamate, a mixture of 5 g. of the diketone and 5 g. of 
pheaylisocyanate was heated to 100° for 15 minutes and then to 140- 
150° for 10 minutes more. The resulting pasty solid was washed with 
benzene and ether, and recrystallized from methyl alcohol. It is readily 
soluble in chloroform and acetone, moderately in boiling methyl alcohol, 
ver^sparingly in ether. Its melting point is 130-132 °. 
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Calc, for CjiHmOjN: C, 74.8, H, 6.8 Found C, 740, H, 6 8. 

5-Benzyl-3-tertiarybutyl Isozazole, C 0 H 6 CH 2 —C—CH = CC(CH 3 ) S .— 

I! I 

N-O 

A solution of 3 g. of the diketone, 3 g. of hydroxylamine hydrochloride 
and 5 g. of potassium hydroxide in 100 cc. of methyl alcohol was refluxed 
for half an hour and then poured into ice water. This precipitated a 
granular, white solid which after recrystallization from dilute methyl 
alcohol melted as 51 °. 

Calc, for CuHjjON: C, 7S 1; H, 7 9; N, 6.5. Found- C, 78 1, H, 7 8; N, 6 9. 

3-Benzyl-s-tertiarybutyl Isozazole, C 8 H 6 CH 2 — C = CH — CC(CHi)j. 

I II 

0 -N 

—The alkaline filtrate from the isoxazole, on acidification gave another 
product which after recrystallization from dilute methyl alcohol melted 
at 63°. The analyses show that this is an isomeric isoxazole. 

Calc for C u H„OH C, 7S 1, II, 7 9 Found C. 78 1; H, 8.0 

/S-Nitro-Y-bromo-y-phenyl-propyl tertiarybutyl Ketone, C 6 H 5 CHBr- 
CHN0 jCH 2 N0 2 C0C(CH3)3.—The nitro cyclopropane combines very 
readily with hydrobromic acid both when dissolved in alcohol and in 
glacial acetic acid. A solution in glacial acetic acid cooled in ice water 
was saturated with hydrogen bromide, allowed to stand for a few min¬ 
utes, and poured into ice water. This precipitated a colorless oil which 
solidified when rubbed with a glass rod. The product after washing 
with ice water until free from add, and drying in vacuo melted at 66-67 ° 
and the melting point remained the same after recrystallization from 
methyl alcohol or from ether and ligroin. The yield was quantitative. 

Calc for CnH, s O s NBr- C, 51.4; H, 5 5. Found: C, 51 7, H, 3.5. 

The bromo compound is exceedingly unstable. It loses both nitrous 
and hydrobromic adds and passes into oily products when boiled with 
methyl alcohol, and even cold solutions rapidly become add. When 
the pure, dry substance is kept in a stoppered bottle it loses nitrous add, 
and gradually turns into a brown oil. Potassium acetate, in the cold, 
eliminates prindpally hydrobromic add and forms an unstable nitro 
compound. 

0-Benzal-fl-nitro-ethyl tertiarybutyl Ketone, C 8 H 5 CH: C(N 0 2 )CHi- 
COC(CHj) 3.—To an ice cold solution of 9 g. of the hydrobromic add ad¬ 
dition product in 30 cc. of methyl alcohol, 4 g. of powdered potassium 
acetate was added in small portions and with constant shaking. The 
solution first turned yellow, then brown, while potassium bromide and a 
little potassium nitrate was deposited. After standing for 12 hours in 
an ice chest, most of the organic product had separated as a yellow solid. 
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This was thoroughly washed with water and recrystallized from methyl 
alcohol. 

Calc, for CuHiaOjN: C, 67.9; H, 6 6 round, C, 67.9; K, 6.9. 

The unsaturated nitro compound crystalizes in long, yellow needles 
and melts at 53-54 °. It is readily soluble in the common organic sol¬ 
vents. Its solution in acetone instantly reduces permanganate, and 
benzaldehyde is a primary oxidation product, showing that the double 
linkage is next to the phenyl group. 

5~Bromobenzyl-3-tertiarybutyl Isoxazole, CJhCHBrC — CH = CC- 

li I 

N-O 

(CH 3 ) s .—When hydrogen bromide was passed into a solution of the un¬ 
saturated nitro compound, the color of the solution rapidly changed from 
yellow to red owing to separation of free bromine. The solution was 
saturated at o°, allowed to stand for several hours in an ice chest and 
then poured into ice water. This precipitated an oil which solidified 
when rubbed. The solid was washed with sodium hydrogen sulfite until 
colorless, and purified by recrystallization from methyl alcohol. 

Calc for CnIIi«ONBr; C, 57 1; H, 5 4 Found C, 56.8, H, 5 

The isoxazole derivative crystallizes in needles and melts at 77-78°- 
It is quite stable, being recovered unchanged after having been heated 
to 150° for 8 hours. The bromine is readily replaced with hydrogen. 
Thus 0.5 g. of the substance and one g. of zinc dust were heated in acetic 
acid on a steam bath for half an hour. The solution was filtered into 
ice water, and the precipitated solid recrystallized from methyl alcohol. 
It was bromine free, melted at 50°, and the melting point remained the 
same when it was mixed with a specimen of the lower melting isoxazole 
which had been obtained by the action of hydroxylaminc upon the di¬ 
ketone. 

Cambridge, Mass 


NOTE. 

Correction. —In the review of "Chemistry in Old Philadelphia,” 1 line 20, 
read: Hare’s oxy-hydrogen blow pipe and some of Woodhouse’s and some 
of Hare’s other contributions. F. B. Dains. 


NEW BOOKS. 

Intermediate Text-Book of Chemistry. 1st edition. By Alexander Smith, Head 
of Department of Chemistry, Columbia University. The Century Co., New York, 
1919. vi + 520 pp. 115 figs. 14 X 21 cm. $2.25. 

This is a new member of the successful series of Smith texts, now four 
in number. Together they carry out the best traditions of chemical in- 
1 This Journal, 4*, 1315 (1919). 
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struction in this country, as did the Renisen series of the preceding genera¬ 
tion, and are as nearly standard as any author may expect to reach. The 
“Intermediate Text-Book” seems adapted to the diversified students 
in colleges and in technical and normal schools who do not require an 
elaborate chemical training. After an inviting and masterly introduc¬ 
tion dealing with chemical processes in every-day life the author takes 
up the subject matter in the usually accepted order, enriching the treat¬ 
ment with the essentials of physical chemistry, clearly presented and prop¬ 
erly emphasized. Chemical arithmetic could hardly be better handled 
than here. Review questions follow each chapter. 

There are slight departures from judicious text-book veriting in the con¬ 
troversial paragraph on the history of oxygen (p. 28) and in selecting I,om- 
onossov and Mayow for two of the three full-page portraits. The author 
is inclined to amplify the list of definitions (e. g., constituent, dilute solu¬ 
tion, concentrated solution). His statement that' "There are no laws in 
nature" (p. 23) will meet with wide disapproval, for there are several 
rules of behavior in nature which to all but skeptical philosophers are 
so certain and constant as to be equivalent to decrees imposed by a con¬ 
trolling authority. Something seems to be omitted in approaching the 
concept of ions (p. 168); the introduction of the term is abrupt. The elec¬ 
tron theory is handled very conservatively and the recent general acknowl¬ 
edgment of the reality of molecules has not led the author to modify his 
treatment of the atomic and molecular theories. The descriptive chem¬ 
istry is brought up to the end of 1918; we read that "helium is now being 
used to fill balloons." The type is clear; textual errors are few; the in¬ 
dex is a compromise in length between English and American customs. 

Hermon C. Cooper. 

Introduction to Organic Chemistry. 2nd edition. By John Tappan Stoddard, 
Professor of Chemistry in Smith College. P Blakiston’s Son and Co., Phila¬ 
delphia, 1918. xi + 423 pp. 13 X 18 cm. $1.50 net. 

The preface to the second edition of the text states that “The favor¬ 
able reception accorded the text has encouraged me to take advantage 
of this year’s reprinting to make a number of corrections and changes 
that have been suggested during the four years since it appeared.” 

The changes made are not extensive but add to the value of the text. 
They consist in minor additions to such subjects as “General Methods 
for the Formation of Paraffins,” "Grignard’s Synthesis” and "Artificial 
Rubber.” Some new compounds are introduced such as antipyrene 
and salvarsan. Additions of from one to two pages have been made in 
the discussion of each of the following subjects: Natural Fats and Oils, 
Uric Acid and the Purine Bases, and Proteins. There is also added a two- 
page table on "Ionization Constants of Some Organic Acids and Bases.” 

It is unfortunate that the publisher did not renumber the pages. Such 
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figures as 160a, i6oi>, do not leave a good impression on the mind, suggest¬ 
ing additions of the patch work variety which is not warranted in the case 
of the text. 

The author has succeeded in bringing into relatively small compass as 
extended a discussion of the subject of organic chemistry as can be thor¬ 
oughly digested by students in the time ordinarily allotted to the intro¬ 
ductory course in this subject. Of course, there is always a danger that 
in the attempt to concentrate one may overdo the thing and devitalize 
the subject. It is never fair, however, to expect too much of a text-book; 
the teacher must be taken into account. 

There is certainly much to be said in favor of limiting the ground 
covered in the introductory course as Professor Stoddard has done. Pope 
might have been writing of the domain of organic chemistry when he 
penned the line, 

“A mighty maze but not without a plan.” 

If we are not on our guard our students will comprehend that it is a 
“mighty maze” indeed, but fail to get “the plan.” Wm. McPherson. 
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SOME PHYSICAL PROPERTIES OF MANNITE AND ITS 
AQUEOUS SOLUTIONS. 1 

By Jiisj ph M Bkaham 

Recenel June 21, 191!) 

This study was made in connection w ith an in\ estimation on the laws of 
aqueous solutions. The compound, which is also termed mannitol and 
hexanhexol, is of interest in the latter connection since it contains a com¬ 
paratively large number of hydroxyl groups. The literature on the sub¬ 
ject is not very complete and very little recent work has been done on 
it. This paper presents the results of the study and includes a brief 
statement of earlier work on the subject. 

I. Purification of Mannite. 

An investigation was first made to ascertain the number of recrystalliza¬ 
tions of commercial mannite that are required to yield a pure product, 
the melting point being the criterion of purity. The material was dis¬ 
solved in distilled water at a temperature near 8o°, forming an almost 
saturated solution. This solution was filtered to remove the suspended 
impurities which were present in considerable quantity, then cooled to 

1 This article is based on a thesis submitted by the writer in 1015 to the Graduate 
School of the University of Illinois m partial fulfillment of the requirements for the 
degree of Master of Science 
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about 40 0 and alcohol added to reduce the solubility. The crystals were 
freed from the liquid as completely as possible and then dried in an elec¬ 
tric oven at 120-130 0 for several hours The second crystallization was 
made by dissolving the crystals, from which the mother liquor had been 
removed, in pure, hot water, allowing the solution to cool and then add¬ 
ing alcohol; a similar procedure was followed in the third and fourth 
crystallizations. Another lot was purified in precisely the same manner 
except that no alcohol was used and contact of the crystals with the filter 
paper was avoided, but no difference in the purity of the two lots could 
be distinguished. 

II. Melting Point of Pure Mannite. 

The most extensive set of determinations described in the literature 
was made by Landolt. 1 He found the freezing point of a mass consisting 
of 620 g. of mannite to be 165 69°, with a much smaller quantity of ma¬ 
terial the melting point was 165 73 0 and the freezing point 165 64°. 
Using an apparatus designed to avoid stem correction, the values 166.97° 
and 167 04° were obtained; the latter values are undoubtedly too high. 
The results obtained by other investigators are. Favre, 1 166° (freezing 
point 162°), Stolimann and Langhein, 1 166°; and Kroft and Dyes, 4 166°. 
Since the true value is thus uncertain, this property was investigated. 

A nitrogen filled mercury thermometer which had been checked by 
the Bureau of vStandards was employed. It was graduated in o i°, 
ruled directly on the stem, readings to o 01 0 were made with the aid of 
a reading glass. Three auxiliary thermometers were employed to deter¬ 
mine the temperature of the emergent stem at various heights. The 
equilibrium mixture of mannite crystals and liquid was contained in a 
small Dewar tube closed by a tin foiled cork and stirred with a small 
glass rod with a loop at one end. The mannite was heated to about 
I75°,in an electric oven or very carefully over a gas flame and the liquid 
poured into the previously heated Dewar tube. It was found impossi¬ 
ble to obtain a perfectly clear liquid by either method of heating, the 
slight brown color seeming to indicate that carbonization occurs to a very 
limited extent, the color was first ascribed to the presence of fine filter 
paper shreds, but it was later observed in fused material with which special 
precautions had been taken to avoid contamination from that source. 
When the temperature of the liquid in the Dewar had dropped to about 
170°, pure crystals were added. A temperature which remained con¬ 
stant for several minutes was soon reached. The following results were 
obtained: 

1 Z physik Chem , 4, 366 (1889) 

'Ann, chim phys , [3] 11, 71 (1844). 

4 J. prakt Chem , (2] 45, 305 (1893; 

1 Ber , j8 , 2583 (1895) 



PHYSICAL PROPERTIES OF MANNITE. 


i?oy 


Msnuite. 

Original material. 
First crystallization 
Second crystallization 
Third crystallization 
Fourth crystallization 


Melting point. 

165 10” 
1G5 84 

166 05 
166 05 
166 0=5 


It is evident from these data that two crystallizations of commercial 
mannite are necessary as well as sufficient for the production of pure 
mannite. 

III. Specific Rotation. 

Of the 3 optical forms of mannite, the so-called dextro form, which is 
actually levorotatory, is the most common. Very few determinations 
of the specific rotation of pure mannite in aqueous solutions have been 
made, although the literature contains numerous references to measure¬ 
ments on solutions of mannite with some other constituent such as borax, 
boric acid or sodium hydroxide. In 1873, G. Bouehardat 1 found that 
the rotation was less than o. 2 0 which was the smallest value then mea¬ 
surable, but the fact that it really was optically active was shown the 
following year by L. Vignon 2 in his researches on mannite solutions con¬ 
taining borax or boric acid. Using a greatly improved apparatus, G. 
Bouehardat 3 later found the specific rotation to be [<*] ; = —0.25° (esti¬ 
mated to be —0.23 0 referred to the sodium D line), the temperature of 
the solution not being given. In 1875, L. Vignon 4 again studied this 
property of mannite in pure aqueous solutions and found the following 
values, each of which is the average of 10 readings: [a] D = 0.2040.260°, 
and o. 232 The temperature of the solution was not stated. 

Since no more recent determinations had been made, it seemed de¬ 
sirable to determine this constant with greater accuracy. A sample of 
purified mannite was fused to eliminate completely all traces of mois¬ 
ture and then finely powdered; but solutions from this material possessed 
a slight brown color which made satisfactory illumination of the solution 
impossible. Samples which had been thoroughly dried but not fused 
were therefore used. The solutions were prepared by dissolving 17.6067 g. 
of mannite in distilled water and making up to 100 cc. at 25°. 

A triple field Schmidt and Haensch polarimeter fitted with a 100 cm. 
jacketed tube was used, and the solution under examination kept at 25°. 
A. quartz mercury vapor lamp furnished the light, which was further 
purified by passing it through a spectroscope, the green E-line of mer¬ 
cury being employed. The specific rotation was found to be (cs] 2 k = 
—0.244° ± 0.002. The values of —0.244° and —0.245 =*= 0.002 were 
1 Compt. rend., 76, 1550 (1873) 

'Ibid., 77, 1191 (1874). 

* Ibid., 80, 122 (1875). 

4 Arm. (him. pkys., {5] 2, 440 (1873)- 
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obtained at the same time by Mr. C. Scholl in this laboratory. Assuming 
that the same factor (0.8509) 1 may be used in converting the value re¬ 
ferred to the mercury’ F line to the sodium D line as found for quartz, 
the rotation becomes [a]u = -o 208 =t o 002. 

IV. Solubility- Freezing-Point Measurements. 

At the time this investigation was begun, the data on the solubility 
of mannite in water and on the freezing points of relatively concentrated 
solutions were very meager. The solubility data contained in the litera¬ 
ture are summarized in the following table: 


Solvent 


Temp 

Di.gri.Ls 

Ci manmte per 
100 g of solvent 

luvestigatoi 

Water 


M 

I 2 8 

H. 1> Knisemann- 

Water 


1 ft 

1 C* 0 

Wanklyn-Krlcnmcvn * 

Water 


IS 

Is (» 

M Hurt helot* 

Water 


23 

18 5 

M Hortlidot 

Watei 


-M 5 

jo «y> 

\ JmikIUy 6 

Water 


8 

-9 os 

A Fin(Ha\ 

Water 


SO 8 

40 

\ Findlay 

Fthvl alcohol 

(/V — 0 Stj.ss 

is n 

1 J 

M Ihrt1»lot* 

Kthvl alcohol 


1 4 

0 (1- 

M RtitlleloL 


It was planned to obtain (he complete freezing-point solubility dia¬ 
gram for the system mannite water but difficulties, later referred to. 
limited the study to the temperature range between the eutectic point 
and 103 °. 

1. Apparatus.- The freezing point-solubility apparatus employed 
for measurements near and below zero is shown in Fig. 1. The metal 
container was completely surrounded by a mixture of water and cracked 
ice. For solubility determinations at higher temperatures, the Dewar 
vessel was surrounded by an electrically heated oil bath maintained at 
the proper temperature. A mechanical stirrer was used in the solu¬ 
tions. A standardized Beckmann thermometer w'as used near and be¬ 
low zero, a standard Baudin therinoinetci for temperatures near 25°, 
and a standardized thermometer graduated between 50° and no° in 
0.05° division for temperatures of 50° and higher. The Beckmann 
was checked against a standard Baudin thermometer over the range 
employed, readings being made to 0.001 0 with the aid of a telescope 
equipped with a vernier. 

2. Method of Sampling.—The method of removing samples from 
the system for analysis and the types of filter are shown in Fig. 1. A 
filter consisting of a short alundum tip sealed into a hard glass tube proved 

1 Bur. Standards, BuLl 2, No 2 

* Ber., 9, 1467 (1876), 

3 J. prakt. Ghent , 88, 297 (1863) 

4 Ann. chim phy& , |.t) 47, joi (ifcsfi) 

* J. Chem Soc., 8i, 1219 (190 2) 
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to be very satisfactory for solutions up to 50 With solutions of greater 
viscosity, however, it was necessarv to use a filter of less resistance since 
the suction necessary to draw the solution through the alundum tip 
caused vaporization to occur within the sampling tube, and a cotton 
plug placed 111 the constricted end of a glass tube was therefore used to 
filter the'e solutions It u r as indent that crystals did not pass through 



FIG 1 

beetle / 6 


the cotton since the solution rising in the withdraw’al tube did not quickly 
crystallize when exposed to the lower temperature in the upper part of 
the tube, as would have been the case if crystals had been present. At 
the higher temperatures the solution became so viscous that its passage 
even through the cotton was extremely slow, requiring a careful adjust¬ 
ment of the suction to avoid evaporation as the liquid emerged from the 
cotton To prevent crystallization in the tube during this rather slow' 
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process the upper part of the withdrawal tube was therefore heated elec¬ 
trically, but even with this precaution, solidification occurred in several 
instances. The first portion of the solution withdrawn was discarded, 
the sample taken for analyses being collected in a weighed flask. 

3. Analysis of Solutions.—The quantity of mannite in a given sample 
was determined by an interferometer, the use of which has been described 
in detail by L. H. Adams 1 The instrument was calibrated by deter¬ 
mining the readings at 25° on mannite solutions of known composition 
as follows - 


G mannite (weights *k 
vacuo) per 1000 g of water 

C 

Reading of inter¬ 
ferometer at 25° 
r 

C/r 

11 Hof) 

7 77 

I 5194 

15 8*1 

10 46 

I 5lSi 

23 336 

15 48 

I 5075 

26 090 

17 37 

I 5020 

594 

17 12 

I 5008 

3 1 00 1 

20 84 

I 4876 

37 808 

25 79 

1 4660 


A curve was constructed from these data in which the ratio C/r was 
plotted against r It was necessary to use the shortest solution chamber 
(5 mm) to bring the solutions within the concentration range of the in¬ 
strument, even with this chamber it was necessary to dilute greatly the 
samples taken at the higher temperatures, since the maximum concen¬ 
tration directly measurable was o 25 molal. In general, the samples 
were diluted to approximately the same concentration and calibration 
values were redetermined from time to time for this region to insure as 
accurate results as possible with the method employed. 

4. Freezing-Point Lowering and Eutectic Temperature.— Exceed¬ 
ingly accurate determinations of the freezing-point lowering of aqueous 
solutions of mannite have been made by L. H. Adams 2 and also by R. E. 
Hall and W D. Harkins. 1 The former found that the difference between 
the observed and calculated freezing-point depression is not greater than 
o 0001 0 for concentrations of 4.02 to 62 59 millimols per 1000 g. of 
water. E. H. Loomis 4 made freezing-point measurements over a wider 
range of concentrations, using the Beckmann method; the difference be¬ 
tween the observed and calculated 6 depression for a solution containing 
206 1 millimols per 1000 g. of water is —0.0013°, the observed value 
being less than that calculated, contrary to the usual experience. 

1 This Journal, 37, 1181 (1915) 

* Ibid , 37, 481 (1915) 

3 Ibid , 38, 2668 (1916). 

4 Z phystk. Chem , 32, 599 (1900). 

* Calculated from the equation Atp «= 103 20 (*, + 0.428 x\), Washburn's “Princi¬ 
ples of Physical Chemistry,” 1915, p 173, McGraw-Hill Co , New York 
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In the present investigation the determination of the eutectic tempera¬ 
ture and a freezing point between the eutectic and o° was made. To 
determine the latter, the zero reading of the Beckmann thermometer was 
first determined by placing it in a mush of pure water and ice contained 
in a Dewar tube in the apparatus already described. A portion of the 
water was replaced by a solution of mannite previously cooled to 0°, 
and having approximately the concentration required for the desired 
depression. When the temperature became constant, a sample was with¬ 
drawn through the alundum filter, properly diluted and then analyzed. 
To determine the eutectic temperature most of the mannite solution 
was removed from the Dewar and replaced by a cooled saturated solution 
together with a large excess of mannite crystals. The mixture was well 
stirred but did not attain constant temperature for several hours, when 
a sample of the equilibrium mixture was withdrawn and its composition 
determined. The data are given in the following table: 

Concentration Freezing point Freezing-point Difference 

moles per 1000 depression depression obscrvrd- 

g. of water obstrved calculated 1 calculated 

o 2701,1 n 503° o soi ° 0.004° 

o 5460 1 oiy° (uitcctK-i 1 009° o oto“ 

The figures in the fourth column show that the deviation from the calcu¬ 
lated value is significant with solutions of high concentration and that 
the deviation is a function of the concentration. 

5- Solubility Measurements.- -In determining the solubility at 
and near 25 0 , 4 different procedures were tried' (1) water contained in 
a Dewar tube was saturated with mannite at 35-40 0 and cooled with stir¬ 
ring to the final temperature; (2) water at 25° was added to a large ex¬ 
cess of crystals and frequently stirred for several hours; (3) water was 
added to a large quantity of crystals in a bottle and shaken in a thermo¬ 
stat at 25 0 for 24 hours; (4) same conditions as in (3) except that the 
solution was initially saturated at 40°. The results of these experiments 
are: 



Temperature 

G solubility of mannite 

►cedurc 

Degrees 

per 100 g. of water. 

(0. . 

24 9 

21 .48 


25 0 (interpolated) 21,57 

(2). 

25.2 

18.66 

(3) ■ • . 

25 0 

21 54 

(4) 

25 0 

21 .63 


It is quite evident that procedure 2 cannot be employed. Methods 
3 and 4 are known to give the best results but require a long time. Pro¬ 
cedure 1 may be employed since it yields results similar to those of the 
standard methods and, moreover, it possesses the advantage of requiring 
but a short time. 

1 Washburn, &If = 103.20 (xi + 0.428 *-f), "Principles of Physical Chemistry,’' 
iptSi P- 173. McGraw-Hill Co., New York. 
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The procedure in all solubility determinations between 50 0 and 90° 
was essentially the same The solution was saturated at a temperature 
about 10 0 higher than that at which the determinations were to be made, 
cooled to approximately 3 0 above the desired temperature, and then 
poured into a Dewar tube which was surrounded by an oil bath elec 
trically heated and the contents mechanically stirred In the detemuna 
tions between 90 and 103° it was usually found impossible to draw the 
samples for analysis into the flask in spite of all precautions, since the 
solutions were very concentrated and consequently highly sensitive to 
temperature change A column of liquid about 14 cm in length was 
usually obtained in the withdrawal tube before solidification occurred, 
the tube was then removed and cooled to completely solidify the con 
tents The middle portion of the tube was cut off the contents dis 
solved in warm water and the final solution analyzed m the usual man 
ner The weight of the sample was determined from the difference m 
weight of the glass tubing before and after removing the contents 
It was the original intention to determine the solubility at 12s and 150° 
but it was found impossible to obtain a mixture at those temperatures 
which could be sampled In attempting to obtain the solubility at 125 0 , 
mannite was added to a boiling solution but the highest temperature 



reached at which the solution possessed even a medium degree of fluidity 
was about no°. At this temperature water vapor was given off rapidly, 
resulting in the solidification of the solution. In an endeavor to obtain 
a solution at 150 6 , mannite crystals were melted and boiling water grad- 
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ually added. Most of the water immediately \aponzed The addition 
of water caused a cooling of the liquid mannite and solidification of the 
entire mass resulted. To investigate the composition of solutions at 
these temperatures, therefore, pressure apparatus would he necessary. 

The results of the solubility determination are given in Table I 

Toii.r. i 

*1 emperuturt G of luanntU in JOOg 01 


Degree^ 

water (weights 

f oig 

9 94 - 

2$ OO 

21 f)T, 

25 OO 

21 S 7 

50 70 

49 0 

51 5 ° 

49 9 

67 4 

78 9 

70 5 

Si 0 

82 <) 

121 (> 

88 1 

'45 1 

go 1 

150 6 

98 0 

i8<> 0 

99 3 

IQS 0 

too 8 

200 (* 

JOT 8 

20.9 O 


103 h .M 9 ft 



A large scale graph of these data was constructed in the form shown 
by Fig. 3. The data given in Table II were derived from this curve and 
present the results in a more convenient form. 
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Table II 


Temperature 

vSoJubility g of mannite 

Mole fraction of 

Degrees 

in 100 g of water. 

mannite in solution 

—i 019 (eutectic) 

9 942 

0 0097 

0 00 

10 36 

O OIOI 

5 00 

II 9 

0 OH7 

10 00 

13 7 

0 0134 

15 (X) 

16 0 

0 OJ56 

20 00 

18 (y 

0 Ol8l 

25 <x> 

21 6 

0 0209 

30 00 

25 2 

0 0243 

40 00 

34 6 

0 0331 

«jO 00 

47 6 

0 0450 

60 00 

64 4 

<> 0598 

70 00 

86 2 

" 078, 

80 00 

115 0 

i) TOU.) 

90 00 

150 0 

0 1294 

TOO OO 

197 0 

O 1633 


Although the curve in Fig. 3 is not a perfectly straight line, the devia¬ 
tion does not indicate the presence of hydrates. Fig. 2 shows the freezing 
point-solubility diagram of the system mannite-water The experimental 
difficulties in obtaining accurate measurements of the solubility near 
ioo° were quite great and, consequently, the results in this region are 
somewhat uncertain. To complete the solubility curve for normal pres¬ 
sure a determination of the composition of the boiling saturated solution 
would be necessary. 

V. Other Physical Properties. 

In connection with this investigation the literature was carefully searched 
for data on physical properties other than those already mentioned. 
These data have been briefly summarized in the following sections: 

I. Density.—All of the references to the density of mannite are old 
and do not contain sufficient information as to the conditions under 
which the measurements were made. Kruseman' obtained the values 
1.4589 and 1 3938 at 0° and 50°, respectively, for purified crystalline 
mannite. Prunier 2 found the density to be 1.51 at 13 0 . He used a 
specific gravity flask with ether as the contact liquid but did not state 
what form the mannite was in. Several determinations were made by 
Schroder 3 cm mannite in the form of coarse crystals and also of finely 
powdered material, using the displacement method with benzene as the 
contact liquid. His results are: 1.480 on a powdered sample of purified 
mannite, “Karlsruher Sammlung;” and 1.486 on Kahlbaum’s crystals. 
The density is referred to water at 4 0 but the temperature was not stated. 
His values are undoubtedly the most dependable of the three. 

1 Ber., 9, 1468 (1876). 

2 Bull see. Mm., Paris, 38, 556 (1877) 

* Ber , 13, 562 (1879) 



PHYSICAL, PROPERTIES OP MANNITE. 


1717 


1 . Specific Heat.—Three investigators have determined the specific 
heat of mannite, using two somewhat different methods. Hermann 
Kopp 1 employed the method of observing the heat effect produced when 
a known quantity of mannite, covered by a liquid in which it was not solu¬ 
ble, was heated to a definite temperature and then immersed in a calorim¬ 
eter. He obtained the value of o. 324 calorie per degree for a tempera¬ 
ture range of o-ioo°. Using essentially the same procedure, M. W. 
Ivonguinine 2 obtained as the average of 5 determinations the value 0.3277 
calorie per degree for the temperature range 28-100°. W. F. Magic 3 
determined the specific heat over a relatively short temperature range, 
using an apparatus primarily designed for very accurate measurements 
of the specific heats of solutions. He obtained the value 0.315 calorie 
per degree over the range 14-26°, with a possible error of 2 or 3%. 

3. Heat of Combustion.—The heat of combustion of mannite was 
determined by Berthelot and Vieille, 4 using an oxygen bomb calorimeter. 
It was also determined by Stohmann and Langbein 5 who made two 
series of measurements, the last being on mannite recrystallized from 
alcohol several times, using a bomb calorimeter designed for very accurate 
work. The several results follow: 



Mofmiunn and I^ugbem 


neriuciui dUU Vlclllcr 

( 1887 ) 

( 1885 ) 

( 1892 ) 

3 9997 Cal /gram 

3 949 Cai /'gram 

3 9959 


3 922 

4 004 ft 

3 9928 

3 94O 

3 9944 


3 947 

3 9982 

4 OHO 

3 94 ° 

3 99ft I 

Av., 4 001 2 

3 94 ' 

3 9978 


4. Heat of Dilution. —Measurements of the heat of dilution 6 of 
aqueous mannite solutions have shown, as would be expected, that only 
a slight evolution of heat occurs on dilution and that it is practically in¬ 
dependent of the temperature. 

VI. Summary. 

The following physical properties of mannite and its aqueous solutions 
have been studied: The melting point of pure mannite, the specific 
rotation in aqueous solution, the freezing {joint-solubility diagram up to 
103°. A brief summary of previous work on the subject has been given. 

Since certain physical constants of mannite given in handbooks are 

1 T>u»j. Roy. Soc. London, 155, 1 , 71 (1865). 

1 Ann. chim. phys., *7, 144 (1892). 

* Rhys. Rev., 14, 193 (1902); 17, 105 (1903). 

4 Ann. chim. phys., [6] io, 436 (1887). 

* J. praki. Chem., [2] 31, 291 (1885); 45, 305 (1892). 

4 F, R. Pratt, J. Frank, Inst., 185, 663 (1918). 
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not in accord with the best data, the following values based on results 
of the present investigation and on the most dependable results given in 
the literature are suggested for adoption melting point, 166.05°; specific 
rotation = —o 244° 0 002 and [a]n ° = —o 208 ± o 002 (cal¬ 

culated), density 1 487 (room temperature), specific heat 6(28-100°) = 
0.3277 cal deg and (' , 4 ,, - <> 31 cal /deg, heat of combustion, 

4.00° cal /gram 

The writer wishes to acknowledge his indebtedness to I)r E W Wash¬ 
burn under whose direction tins investigation was made 

Urban a Iiiinoi* 
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THE CALCULATION OF THE TEMPERATURE COEFFICIENT 
OF THE DISTRIBUTION RATIO. 

H\ I' H MaiIiui oau 

Recei\c<l Julj 10 1V10 

The present communication ones its origin to a recent paper 1 by Forbes 
and Coolidge dealing with the system water, ether and succinic acid and 
contains some new relations between various functions of the variables of 
ternary systems not contained 111 their article and, 111 particular, new 
additional relationships between the various partial derivatives to be de¬ 
fined later The authors determined the composition of a large number 
of solutions both unsaturated and saturated with respect to various com 
ponents Thev use the following system of symbols 

s = mole fraction of succinic acid in water layer 
c — mole fraction of ether acid in water layer. 
w ~ mole fraction of water acid in water layer. 

(7 = mole fraction of succinic acid in ether layer 

co = mole fraction of water acid in ether layer 
t — mole fraction of ether acid in ether layer. 

The distribution ratio is K — r /a and the temperature coefficient is 


dR 

di 


1 d\ 
a di 


' di, 

Kdt 


dcr 
dt 


) 


> dir _ 1 /a 
2 dl a \fl 

The authors put = a, ( d ~'\ = b, ( d j) = m, and = n. 

\ci€} 1 \ctt J £ \as J 1 \dt y g 


Then since £ = +(%)%- 

dt \dt ft \de/i dt 

they obtain 


-*-(*).+ 6 ), 

Similarly they obtain 

-(£), 


ds . di> 
—r — n + m t 
di dt 


da 

It 


ds 

di 


1 j 

‘ + "* 
b 4- an 
1 — am 


’ This Journal 41, 150 (1919) 
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They thus arrive at the following relationship for the temperature co- 

dR b + an s / (S + cw\ 
o’ 1 \ 1 — aaj 


efficient 


dt 


a{ 1 - am) 


Now, at first glance, the reader is surprised to sec 



put equal to a 


and J put equal to m and not equal to ^ The reason of course is 

that the two derivatives in question refer to different eur\es representing 
different series of solutions Otherwise 1 —am would equal zero and 
so would (b + an) equal zero and the ratios would be indeterminate It 
seemed to the present writer worth while to put the mathematical rela¬ 
tions on a clearer and more definite baMs so that the sludent might see 
at once the particular set of solutions or the particular rune to which 
each partial derivative refers With that end in \iew let us adopt 
the following scheme of symbols for the ternary system water, ether and 
succinic acid 


Water Layer. 


= mole fraction of acid in water layer, saturated with acid but not 
with ether 

Ci = mole fraction of ether m watet layer, saturated with acid but 
not with ether 

62 = differs from in that the solution is saturated with ether hut not 
with acid 

c 2 - differs from c 1 as si differs from <a 


s s and c, refer to acid and ether in solutions saturated with both. 


Ether Layer. 

a 1 and on = mole fractions of acid and wdter, respectively, in ether 
layer saturated with acid but not with water 
<r 2) 012, <Tj, u, ha\e meanings which are almost self evident 
We have the following functional equations Ti = 0 and si = /t 

represented at a fixed temperature, f, by two curves which intersect 
at a point w r here Si and Si become and fj and cj become e s . We can 
express these results as follows r, = Lim f\(t e\) — Lim /i(/,es) = 

<1 » r ; o = 


fi{t) = jt(e,). Similarly we could write cti = cr 2 = and 

<r t ■** Lim = Lim oA = y 3 (ri = And finally. 


Ml B U; W1 » 



«i — e s 


•3 •* 


Now from the 4 equations (only two of which are independent) 


dsi _ /cfrA . /dsA (k\ 

dt \d< ~ \de 1)1 dt 
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dst _ /ds A /dsA <ki 

di \dt /„ + \dci)i ' dt 

de\ _ / deA (de\ ds\ 

dt \dt A, + V-'i/i dt 

= + / AA 

\dt A. \dsi/ 


de i 
dt 
de 2 
dT 


ds s 

dT 


we obtain for the point at which the aqueous solution is saturated with 
both acid and ether, 

ds, 


Um , + Lin r”’) . p 

f mt s \dt ) t . t - ^ \de%Jt dt 

+jm(P) p 
dt j,, \</t /,, Vd>,/( dt 

= Um(^) Uiu.fr 1 ) 

J; *- V** /si jj - \fl s 2 /< 


ds 5 

dt 


If we write the last 4 equations as follows • 


ds, , , dc s de, 

at dt dt 

de, ds, , ds, 

dt at dt 

the meaning of the symbols a,, b u m u etc., will be evident. For ex¬ 
ample o t = Lin. (p) and a. = l.im (fr-A, etc. Note that a, - - , 
1 —ft] —ft 

Oj = — ! «1 = -, « 2 = --. 

a, Of 

From the equations we can get the following relations: 

ds, _ 6 i + Ol>1; _ ft; + 0 8 » ] _ Ojfc] — <Jift 

dt i — OjWj 1 — Oitn, 

— s _ -f mjftj 

dt 


a-/-- oi 
fti — ft» 

— Ci 


ojW] 1 — onij 

An additional result such as — = A a ‘ w ‘ • , . , , 

dt j _ 0imi Ib mcanin g!css since the frac¬ 
tion is of the form °. In the same way we can obtain for the ether layer, 
df* = ft + an = ft -f q |y , ^ at p, _ QiSj 
dt I — a,M, r — «, M , * 

1 Only the first two of these 4 equations art indcDendenr Tt, 1 
down to show the relationship to the results obtained by Forf*s ItcZiZ 
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du, ^ v t 4- Rift _ ft i ~ dt 

dt 1 — atn i 1 — oti aej -— ai 

where the Greek letters have meanings for the ether phase, analogous 
to the Roman letters for the aqueous phase. Written in the above man- 
mer, there is no chance of mistaking the curve to which the partial de¬ 
rivatives refer. We readily see that in our notation, 

dR = i_ / aA — a,bi _ ^ a,di — anft A 

dt a, \ Oi — ai aj — ai / 

or if we retain some of the letters, «1, «j, mi, >«j, etc., we obtain the ex¬ 
pression 

dR = l /'bi j- ai« a __ di + aur A 

dt a s \ 1 — JiWj 1 — auij 

identical, of course, with the one given by Forties and Coolidge when 
the proper interpretation is given to the letters used by them. 

Minn 


RELATIONS BETWEEN DISTRIBUTION RATIO, TEMPERATURE 
AND CONCENTRATION IN SYSTEM: WATER, 

ETHER, SUCCINIC ACID. 

Itv Cl S Forbes and A S Cooudge 

Received July 23, I SUV 

F. H. MacDougall, in the preceding article, points out the possibility 
of misunderstanding the physical significance of certain partial deriva¬ 
tives in our paper as published in This Journal. 1 He shows how con¬ 
fusion may be rendered impossible by use of a more elaborate set of sym¬ 
bols. On page 161 of our article directions are given for finding the 
derivatives by drawing tangents to the intersecting curves in Fig. 3 and 
reading the slopes. The values given for the slopes will identify the de¬ 
rivatives beyond question even if doubt previously existed concerning 
them. We are glad to note that Professor MacDougall agrees with our 
final conclusion. 

CAMMlDoa, MaO.V 

1 41,150 (1919) 
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(Contribution m.« Department or Chemistry. rNivC'sm or North 

Carolina 1 

ZIRCONYL COMPOUNDS WITH THE OXY-HALOGEN ACIDS.' 

By F. P Yenai»i.r jm> ! W Nmitiu y 

Reosned July 2 ' PH*) 

Little is known of the zirconyl oxy-lialogcu salts though a chlorate, 
iodate, and periodate have been mentioned in the literature. 1 he fol¬ 
lowing investigation was undertaken to devise methods of preparation, 
to see if definite compounds could be obtained, and also to observe the 
effects of hydrolysis upon them The salts prepared were those with 
iodic, perchloric, and chloric acids. 

Zirconyl Iodate. 

As zirconium hydroxide is insoluble m iodic acid this salt was prepared 
by precipitation. When a concentrated solution of iodic acid is added 
to one of zirconyl chloride a curdy, white piocipitnlc lorms immediately. 
As the solution is added giadudh the piceipitato fir-t forms, redissohes 
on stirring, liut soon lieeoines pmnauenl. I he precipitate settles readilt 
and can be washed by decantation. A similar precipitate form- when 
an alkali iodate is .substituted for iodic acid, which, according to Brinton 
and James, 2 is almost insoluble in nitric acid, provided a considerable 
excess of the iodate ion is present. Davis* states that the precipitation 
with an alkali iodate added in excess, is almost quantitative hut, on ac¬ 
count of the varying composition of the precipitate it could riot lie used 
analytically. 

The precipitate formed was a white powder, insoluble in water, alco¬ 
hol, aud ether. It was decomposed by cone, hydrochloric acid with evolu¬ 
tion of chlorine. It showed decomposition when heated to nx>° and 
iodine vapors were distinctly risible at 125 1 . For analysis, therefore, 
samples partially dried at ’•00m temperature were used. Five prepara 
tiems were made, care being taken to bare neither compound in excess 
in the precipitation. In the first preparation both solutions were con¬ 
centrated and the iodic acid added gradually to the zirconyl chloride. In 
the remaining preparations more dilute solutions were used to make hand¬ 
ling the precipitates easier. lu the first and second preparation no addi¬ 
tional water was used for washing, but the v iter present, which should 
contain practically only hydrochloric acid, was removed so far as possi¬ 
ble by suction. The third preparation was washed with 6 liters of water 
at room temperature in one-liter portions. The fourth preparation was 
treated with 20 liter* of hot water in one-liter portions, and the fifth in the 

1 Submitted to the Family o! the 1 mvcrotv of North Carolina by I \V Sillithcy 
as part of the requhement for the defirn of Master of Sueme 

2 This Journal, 41, 1080 < upol 

'Am. Chem J, n, 2& (iSSyj 
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same way with ,30 liters of hot water. It was thought that this change 
of conditions should give an approximate idea as to the progress of hy¬ 
drolysis. The analyses were made by treating the sample with cone, 
hydrochloric acid and titrating the liberated chlorine with sodium thio¬ 
sulfate. From the hydrochloric arid solutions thus obtained the zir¬ 
conium hydroxide was precipitated by ammonium hydroxide, ignited, 
and weighed as zireonia. 

In reporting the analyses aud calculated formulas the following con¬ 
siderations have prevailed with its The hydrolv/iug of zirconium salts 
results in the fotination of zirconyl compounds and the separation of the 
acid radical which, if soluble, is removable by water The zirconyl salt 
is commonly hydrolyzable further, resulting in the separation of more of 
the acid radical and the formation of a basic zircons! compound, hi 
the case of the chloride this hvdrolvsis may proceed until comparatively 
little of the acid radical is left. The question then an-.es as to the com¬ 
position of the basic radical The norma! hydroxide is quite unstable 
and the methods of preparation used in the investigation would seem to 
preclude its ptesence in the basic compounds. The f ids of ionic disso¬ 
ciation give abundant evidence of the exi-tenee of tin ZrO radical in 
such compounds and, according to some investigators, of the existence 
also of another radical, Zr_.<>,. We have been chiefly influenced by the 
fact that dials sis separates zircons 1 hydroxide from strongly hydrolyzed 
solutions and prefer to regard tin sc baric compounds as addition com¬ 
pounds with zirconyl hydroxide and tk use of such fonmilis undoubtedly 
presents a better picture of the progress 01 the lit biolysis There is 
evidence ako that part of tile watei is mote pewstetitlv retained 

Analyses of the compounds to Ik- described in this paper were made in 
duplicate Only one is reported unless there were noteworthy varia 
tions in the duplicates or other reasons make it advizable to give both. 

1 Precipwitt formed from concentrated solutions it'd niiaa-hed -<» that the tirst 
stage of hydrolysis lnndil undergo no chaugi The an.. I\- on the water free ivaxis 
yielded the ratio ZrU 3062 Py 3S Tin formula Z.rOiOHVj 2Zr<\10,'j gives 
the ratio ,11 3(1 68 64 

2 Precipitated from more dilute solutions am! unwashed to observe the effect, 
if any, of change in concentration Willi more time at disivooil a series of experiments 
with measured changes of concentration would have he»n carried out From the 
analyse* on water free basis the ratio ZrO III, 13 > 1 w> Ht> was obtained. The ratio 
calculated fur sZrOtOHh KZ1O1IO,\ ts 3311 no So The amount of water then 
in the solutions materially affects the degne of hvdrolvsis 

3 The preparation made as in No 2 was washed with 0 liters of water at room 
temperature to observe the effect of cold water upon the precipitate already formed. 
The wateT was used in one-liter portions The analyses (water free) gave the ratio 
ZrO.IQ,: :.34 73 6s 47 The formula jZrOtOHh^ZrOUOjb would require 
ZrO. 10 ,: -34 76:65 23. 

4. The preparation was washed with jo liters of boiling water in one liter portions 
to test the effect of increased amount of water and raised temperature The ratio 
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found here was Zr0:10»:-.48.33:51.67, and that required for the formula jZrO(OH)i.- 
ZrO{IOi)» is 47.75:52-25. 

5. The preparation was washed with 30 liters of boiling water in one-liter portions 
to magnify such effects as might be caused under the conditions in No 4 The analytical 
results gave the ratio ZrO:IO a : :55.38 4462 bor the formula 3ZrO(OH)i ZrOflOa)* 
the ratio is 54.02:45.08 The hydrolysis, therefore, has progressed still further. 

Whether the analyses are to be taken as representing definite compounds 
or not is not very material for our purposes. It might possibly be settled 
by repeating the experiments under identical conditions to see whether 
the same compounds were always obtained. The iodate offers many 
advantages on account of its insolubility and quantitative precipitation 
for studying this and other points, and such work may be done later. hor 
the present it remains to sum up the results obtained under a few rather 
arbitrary, widely-varying conditions, as follows: 

Formulas Moll, 


No. 

Conditions of 
precipitation. 

With HrO 

Without HrO 

lydroly ted 
per l 600 

1 

Pptd from cone sol ; un¬ 





washed . 

ZrOlOlO. .’ZrUdOji. 

Zr,0,(10,;, 

334 

2 

Pptd, from dil sol , un¬ 





washed 

sZrOtOIl 1, SZrOflO, , 

Zri 3 0i«<IO,)„ 

385 

3 

Pptd. from dil sol ; 





washed; cold H?0 

iZrO'Oifi; 4 ZrO(!0,i. 

Zr,< )joO()»'* 

40 

4 

Pptd. from dil sol , 





washed; 20 Iiterii boil¬ 
ing H2O 

2ZrO(OIl), Zr< >'[<>.,)■ 

ZoOdlOj), 

66; 

5 

Pptd. from dil sol , 





washed, 30 liters boil¬ 
ing HjO 

'iZrOfOH 1. ZrO(10,i- 

Zr, 0,(10,), 

750 

The normal zirconyl iodate ZrO(IOj) : is not formed by this 

method 


but, if formed, is immediately more or less hydrolyzed. At some later 
time efforts will be made to prepare both this and the normal iodate. 

Zirconyl Perchlorate. 

This compound has not been previously prepared. The ordinary 60% - 
perchloric acid showed little solvent power, but on diluting with an equal 
amount of water it dissolved zirconium hydroxide readily. Bearing in 
mind the influence of temperature upon hydrolysis two different methods 
of solution were used. In the first case cold diluted acid was allowed to 
stand in contact with an excess of the hydroxide for some weeks. The 
dear liquid was then separated from the undissolved hydroxide and al¬ 
lowed to evaporate over calcium chloride. Two large crystals and several 
smaller ones formed. The larger ones measured 15X14X11 mm. 
and 13 X 12 X 9 mm., respectively, and apparently belonged to the 
triclinic system. They weighed over 2.5 g. each after drying between 
filter paper, and were analyzed. The zirconium hydroxide was precipi- 
tated by ammonium hydroxide, washed and ignited for zirconia. The 
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filtrate and washings, containing ammonium perchlorate, were evap¬ 
orated on a water hath, dried, weighed, and analyzed on a water-free 
basis. 

Calr for 4ZrO(CIO«)> C'IO«H Zr() 1? 20 C 10 ( , 67 Os Pound ZrOj fi!, 31 jj, 

(2), .12 11, CK)« (0, 68 48, (2J, 07 80 

The second method of preparation was by heating the perchloric add 
with an excess of zirconium hydroxide on a water bath until no more 
hydroxide was dissolved This saturated solution formed, on cooling, 
radiating clusters of crystals from which individual crystals could not be 
separated. The.mother liquor was poured off, the crystals washed with 
a small amount of water and placed over sulfuric and They were very 
deliquescent and failed to dry completely They were odorless, soluble 
in alcohol, ether, benzene, chloroform, and carbon tetradiloride, but no 
crystals were obtained from these solutions A small portion heated 
quickly on platinum foil exploded with a sharp report, but when heated 
slowly it lntuinesced, leaving finally a white mass of zirconia. Decom¬ 
position was evident at too 0 hour different preparations were made 
and samples analyzed with the following results 

W.ltir bn /ill (7 Sj 17 s. 177,) C H >, (2 2! (01(1,0218.6210 

The reaction, then, may be represented by the equation 
8 Zr 0 (C 10 |h ClOiH 4 iZrOfOIfq -= ZrOfOIflj 9 ZrO(CIOi)j . 
two molecules of the zircon) 1 perchloric acid dissolving two molecules 
of zirconyl hvdroxuk, llus lx trig the limit of saturation The percentages 
required by the formula for this basic zircons 1 perchlorate on the water- 
free basis are ZrO, 17 y.> and Cl<h, 6> 6S The crystalline character of 
the product and the unifornntv of the results from several different prepara¬ 
tions would go to show that the compound is a definite 011c We have in 
these two compounds analogy with zirconyl sulfuric acid, ZrOSOj SO«Hi 

In attempting to purify by recrvstalhzalion the crystalline crop ob¬ 
tained on saturating perchloric acid with zirconyl hydroxide it was found 
that, while crystals formed, they had returned to the composition of the 
original zirconyl jierchloric acid, qZrCXCltV* C 10 .H Part of prepara¬ 
tion No. 1 was recrystallized 4 times and of preparation No 2, 5 times, 
and the resulting crystals atialvzed 

% Fouml /iO* 1 * %i — \ u tH >4 i 

These results agree with those required for the formula qZrCKClCOt.CIChH. 

This would appear to lie the more stable form, two molecules of it 
having the power of forming a compound with one molecule of zirconyl 
hydroxide, this being dissociated on resolution 
' Zirconyl Chlorate. 

Weibull 1 has reported the preparation of this compound by the double 
1 frt Unit. Lund , II, 18 V, jy (iSSit 
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decomposition of zirconium sulfate and barium chloride according to the 
equation 

Zr(SOih + 2Ba(CI0 3 )« = BaSO* + Zr(ClOi)«. 
assigning to the product the latter formula. Details and analyses are 
not given Zirconium sulfate, however, is hydrolyzed in solution and 
the chlorate cannot well ha\ e the composition indicated as it also hydro¬ 
lyzes. 

Basic zirconyl chlorate was prepared by us by adding a solution of 
potassium chlorate to a cold concentrated solution of zirconyl perchlorate 
An abundant crop of crystals formed immediately, consisting of potassium 
perchlorate and containing no zirconium Additional crops of these ervs 
tals were separated as evaporation proceeded, the mother liquor liecom 
ing yellow, svrupy, and smelling of chlorine dioxide Further conceit 
tration yielded larger, well tunned cr\stals, differing from the preceding 
crops Only a faint test tor potassium was obtained The crxstals were 
very deliquescent, soluble in alcohol but insoluble m ether Thev had a 
slightly yellowish color and oxidized organic matter. Some of the crys 
tals were washed and dried oxer phosphorus pentoxide Neither calcium 
chloride nor sulfuric acid were cffectixc as drying agents In analyzing 
the chlorine was determined bx dissolx ing a weighed amount in water in a 
small flask fitted w ith a separator tunntl tor h\ droehlone and, a tube for 
admitting carbon dioxide, and i dehxerx tube connected with two U tubes 
in series, containing potassium iodide solution The liberated iodine 
was titrated with o i \ sodium thiosulfate Tin zirconium hydroxide 
was precipitated from tl ( In droehlone aud solution, ignited, and weighed 
Two preparations were analx/id on a xxater free liasis 

Cak for i/’ro ( H /rO 4, CIO xjm I omul /CrO., n, 

4a 18 (2) 45 0-, C !0 '1 v • s j 1 - 

The normal zirconxl chlorate was therefore not obtained If formed, it 
was hydrolyzed under the conditions of the experiment The hydrolysis 
is less far reaching than m the case of the lodate, as only one out of four 
of the molecules are hydrolyzed compaicd with one out of three 111 the 
latter case The definite nature of the hydrolyzed product is proved 
by the crystalline form It is manifestly not xery stable, as shown bv 
the liberation and decomposition of chloric arid 

Summary. 

1. Several basic zneonyl iczdates were prepared and the stages of pro 
gressive hydrolysis indicated 

2. The perchlorate .yZrOfClOdi-CKhll was obtained. This can be 
dissolved and recrystallized without further hydrolysis Two molecules 
of it when wanned will dissolve two molecules of zirconyl hydroxide 
forming ZiO(OH)* 9 ZrO(C 10 ,) Jf which ,s also rrvstalline On redissolv- 
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ing and crystallizing the add perchlorate or zirconyl perchloric add sepa¬ 
rates. 

3. The basic zirccmyl chlorate formed is crystalline and corresponds 
to the formula ZrOfOIIh./fZrOfCK),)„ H is easily decomposed. 

t'HApKi Him V r 

K'l’NTRlIll Tins' ISOM Till. K.I-S1 tHl-UKU I, UMiR Wiry ill Till 1 MVKUSnY (IF 

C it ica. 1 i 1 

STUDIES IN CONDUCTIVITY. V. NOTES ON THE MEASURE¬ 
MENT OF THE CONDUCTIVITY OF SOLUTIONS. 

Hv H I Ktii.EMNokk a vi> K H Ki'.rn ' 

RbtiihI lull I"!'/ 

During the past few years a series oi very thorough and valuable papers 
by Washburn and his associates' on the method 1 and apparatus for mea 
snring the conductivity of solutions has been published. (>ther papers 
by Acree and his students 3 have also added greatly to our knowledge of 
the subject. Nevertheless a numlier of difficulties which we have en¬ 
countered in the measurements required for our work on formic acid solu¬ 
tions have either not been touched on at all or have received only very- 
scant attention as will In- pointed out below. Since we have developed 
simple criteria for detecting the difficulties in question and simple methods 
for overcoming them, it lias l>een suggested to us that the publication 
of a r<-sum£ of these points would !>e of value to other workers in this 
field. 

The resistance of the solutions was measured by the Wheat.stone- 
Kohlrausch method, using a Siemens and Ilalske high frequency genera¬ 
tor, a rotary bridge, and a standardized Curtis coil resistance box. The 
connections and the methods of shielding the apparatus are those recom¬ 
mended by Washburn and Bell. 4 In conjunction with the high frequency 
circuit we used a Leeds and Northrup condenser which permits oi placing 
equal capacities in series with the two lines of the circuit; by means of a 
two-way switch this condenser could lx* eliminated and readings taken 
without any capacity m the high frequency circuit. It was observed 
that the introduction of the condenser, while it improved the sharpness 
of the minimum, decidedly shifted its position and that the shift thus pro¬ 
duced depended on Uie type of resisting medium and the magnitude of 
% 

1 The work reported in this and the following paper of this series has been presented 
<0 the bacilliv of the ()gtieu Graduate ,SchooI of Science of the l iiivereity of Chicago 
by l'\ If. Reed in part fulfillment of the requirements for the degree of Hector of Philo 
sophy. The work was completed in the fall of loih 

* This Journal 38, a4.1t (1916); 39, 23s (1917). 

3 Acree and Taylor, Ibid., 38, 1 }96 (1016). 

4 This Journal, 35, 17? (191.1). An excellent resumi of the Washburn apparatus 
>s given in tin- Leeds and Northrup Catalog 48 (1915) 
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tire resistance. The shift was particularly large when the usual Wheat¬ 
stone bridge set-up, that is with the current entering at the ends of the 
bridge, was used. Thus, the introduction of the condenser did not shift 
the minimum when a resistance coil of approximately 3 °° ohms was 
meastired against 300 ohms in the Curtis box. hut with 400 ohms the mini¬ 
mum shifted from 0.5001 to o 5005, and when a idoo ohm coil was mea¬ 
sured against a 1000 ohm Curtis coil from 0.5001 to 0.5013. It is seen 
therefore that when the type of the resisting medium remains the same 
the shift in the minimum increases with tlie resistance to he measured. 
But there is another factor involved, for when the coil resistance is re¬ 
placed by a cell containing o 01 A' solution of potassium chloride, larger 
shifts are obtained even with smaller resistances. Thus in a cell in which 
the solution had a resistance of approximately 8S0 ohms, the bridge 
reading shifted from 0.2540 to o 2380 with the condenser, while in an¬ 
other cell in which the resistance of the same solution was 13S7 ohms, the 
reading shifted from 0.2238 to o 2320. It is to lie noted that even where 
the shift is very large, each reading was very sharp, the maximum error 
of setting being not greater than o otxti 

It is of course necessary to eliminate such shifts. To do this we first 
determined the arrangements of the bridge, etc , which gave correct 
readings when two standardized Curtis coils (each of 1000 ohms) were 
placed in the two remaining arms ot 1 he bridge, and it was found that the 
results without capacity in the high frequency circuit were correct, whereas 
the use of the condenser produced the smt of shift described. In order 
to retain the advantages of haring resonance on the circuit, and at the 
same time to avoid the difficulty described, we investigated the matter 
from an experimental point of view and found the following: (1) The 
shift could be completely eliminated by having capacities in the two 
sides of the circuit which were not identical. When, for example, the two 
capacities were, respectively, 00245 and 00225 microfarad, the shift 
was greatly decreased but not entirely eliminated. N’o further changes 
in capacity which could be produced by our Leeds and Northrup con¬ 
denser made further improvement, but bv using a small variable Clapp- 
Eastham air condenser in parallel with the smaller capacity we eliminated 
the divergence for all cases investigated. The setting of this condenser 
foi* our purpose made the total capacity for this side about 0.0228 micro¬ 
farads. There is, however, a disadvantage m using this method of avoid¬ 
ing the difficulty; for when the capacities are adjusted to give correct 
readings for the case in which the shift is fairly gteat, the setting is also 
correct for any case where the divergence is smaller, but not necessarily 
so where it is greater. This condition necessarily leads to uncertainty 
in the results. (2) It was further found tliat when the bridge was ar¬ 
ranged to have the telephone at the ends of the slide wire the shift was 
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very much reduced. We shall call this arrangement "set-up A" while 
the arrangement usually used is called “set-up B.’’ Thus, in the case in 
which with set-up B the bridge reading with equal capacities was o 2320 
and without capacity was o 2238, the corresponding readings were o 2234 
and 0,2238, respectively, for set-up A, and where set-up B gave smaller 
shifts than this, set-up A gave identical results with, or without, capacity. 
Furthermore, in the case of set-up A, when the capacities in the high 
frequency circuit were o 0245 and o 0225, respectively, instead of equal, 
the introduction of the condenser into the circuit no longer produced any 
shift in the minimum and gave the correct reading for every tvpe and 
value of resistance measured hv us Small changes, such as would be 
produced by introducing the air condenser, have no effect on the readings 
with set-up A. This arrangement has, however, the disadvantage that 
a larger amount of current flows through the cell than with set-up B, 
and more heating of the solution results This difficulty can be completely 
overcome by making an approximate setting, waiting until the solution 
returns to the bath temperature, and then making the final reading very 
quickly. It is also helpful to use a resistance in the box somewhat smaller 
than the resistance in the solution 1 

The explanation of the results described can doubtless be found in some 
dissymmetry in the high frequency circuit 2 before it reaches the bridge. 
We were unable to locate it and made no extended efforts to do so as we 
eliminated the difficulty by the method descrilied. The reason why 
set-up A gives smaller deviations than docs set-up B is probably because 
the arrangement of the bridge m the former is more nearly symmetrical 
and consequently produces more nearly equal energy losses in the various 
arms of the bridge. 

There is another source of possible error m measuring resistances of 
solutions which has not received the attention which it deserves in the 
treatment of the subject. In the papers to which reference is made above 
the fact that the minimum may lie perfectly sharp and yet may not be 
correct has been mentioned, but no stress has been laid on this important 
point, Acree, for example, h as stated that one of the criteria for the re¬ 
liability of a cell is that it must give for the ratio of the resistance of two 
solutions measured in it the same value as is found in some other cell. 
This tn^y be put in other words by the statement that the cell constant 
1 That the readings as usually lute 11 by us and the readings at the center of the 
bridge give identical result;,, with the set up used, was repeatedly pioveu. We also 
found that the capacity of approximately 0024 microfarads in the condenser teas the 
amount required to produce resonance, and tliat making the capacities in the two 
sides of the circuit unequal did not materially decrease the current obtained 

1 That the difficulty did not lie In au inequality of the capacities of the two sides 
of the condenser was shown by n rough measurement of the capacities ami by sub¬ 
stituting two standardized capacities fur the one we had been using 
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must be the same no matter what standard solution is used to determine 
it. It is of course the usual procedure to determine the cell constant 
with more than one solution. But more than this is necessary to make 
certain that the cell in question is suited to the solutions whose conduc¬ 
tivities are to be determined in it. It is essential that the standard solu¬ 
tions used to determine the cell constant have in the cell a range of re¬ 
sistance completely covering the range of the solutions to be measured 
in it. That this is not usually understood is demonstrated by the fact 
that the specific conductivities determined by Kohlrausch, which are 
usually employed as standards for the determination of cell constants, 
are not well enough distributed to cover satisfactorily every possible 
range of resistance. The data presented below will make this point clear. 

In previous work on anhydrous formic acid a special form of Arrhenius 
cell, with fixed electrodes, adapted to the measurement of fairly dilute 
solutions, has been employed. 1 These cells have cell constants of approxi¬ 
mately 0.2, as determined with both o 02 N and 0.01 .V solutions of 
potassium chloride. Since these cells are not well adapted to the measure¬ 
ment of concentrated solutions, without the use of fairly large capacities 
in parallel with the bridge circuit, no further determinations of the cell 
constants were made at that time as the only other Kofilrausch standards 
are fairly concentrated solutions. The more accurate measurements 
of the formate solutions required for the work to be reported in later 
papers gave reason to doubt the reliability of these cells and measurements 
of the cell constant with a larger number of solutions were carried out. 
For this purpose we used 0.01, o 02, 0.05 and 0.2 N solutions of potas¬ 
sium chloride and made the equivalent conductivities of A. C. Melcher, 
reported in the paper of Noyes and Falk," the basis 
of the calculation of the cell constant. The data 
obtained for one of these “Arrhenius type” cells as 
well as for the two cells referred to by the 
symbols Hi Fig. 1, and Hs are given in Table I. 
The latter are cells of the kind which have been 
constructed for the later work on formic add 
solutions. Their construction will be suffidently 
dear from Fig. 1 The electrodes are platinized. 
The cells are particularly well adapted to work 
where only a small volume of solution is available 
since 20 cc. of solution brings its level so high 
above the electrodes that the addition or removal 
of 1 cc. or slight tilting of the cell does not 
Fig. 1. change the observed resistance. Furthermore, the 

1 This Journal, 36, 1589 (11041 
8 TbU., 34, 454 (1912)- 
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readings are very sharp over wide ranges of concentration and only 
small capacities are required in parallel with the bridge circuit in 
order to obtain excellent minima. 1 Throughout a period of more than 
a year in which the cells were constantly in use the cell constants did 
not change, which shows that the support for the electrodes is sufficiently 
rigid. In the table mentioned above, the solutions used, the measured 
resistance ( R ) in ohms and the cell constant (C), calculated from the latter 
for each of the 3 cells are given. The resistances are in each case the 
averages of very closely agreeing duplicates made with different solutions 
prepared from different samples of potassium eliloride which had been 
recrystallized several times from conductivity water with all due precau¬ 
tions and had then been ignited. 

Tabu - I 

The Variation of C\U Constant with Increasing Resistance of the Solution in the 

'Arrhenius' Cel! 

KOI Arrhenius cell Cell 111 Cell HI 

N K C R ( R C 


0 01 

14 - i* 

0 iOlS 

U9I I 

I 9(184 


I 2501 

0 05 

■V -’5 

<> 2021 

294 4 { > 

I 9^° 

1S7 12 

I 2 50 f> 

0 2 

8 21 

<> ’ >4<> 


1 96*0 

S<> Ji 

I 2 «jOQ 

O 02 

7- 77 

**ni 4 \ 

7 TO 40 

X 97 ( '7 

4M 21 

x 2517 


Leaving out of consideration for the moment the results obtained with 
the o 02 N solution, we see that the cell constant of Cell Hi does notvary 
and that the variation in Cell H3 is only 0.06%. Hence we may conclude 
that we may use H3 for solutions whose resistance in the cell ties between 
79 and 1400 ohms and II 3 for resistances between 50 and 880 ohms. As a 
matter of fact, it is only the lower limit which is of importance. For 
some reason, which we are unable to explain, the 0.02 N solutions give 
divergent results, the only suggestion which we can offer is that there 
may be an error in the equivalent conductivity reported by Noyes and 
Falk. If we now examine the data for the “Arrhenius" cell we see that 
the cell constant undergoes an apparent change of over 1% in the same 
range of concentrations which gave a maximum variation of only 0.06% 
in the other cells, even although each reading in the “Arrhenius type" 
cell was very sharp, quite as sharp in fact as in the other cells. It is dear, 
therefore^ that the “Arrhenius" cell is not adapted to the whole range of 
resistance covered by these solutions, although there is nothing in the 
individual readings to indicate this fact. The following data show, 
furthermore, that although the cell constant may be the same when calcu¬ 
lated from the results obtained with solutions of different concentration 
1 In the "Arrhenius type” rolls, for example, a capacity of o )S microfarad had 
to be used in parallel with the bridge circuit to obtain a good minimum for small re¬ 
sistances, while for the type of cell here described the maximum capacity required for 
enir solutions was less than o 01 microfarad. 
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the cell may, nevertheless, not be satisfactory unless the standard solu¬ 
tions cover the correct range of resistance. In the cells Hi and H3, the 
average of the ratio of the resistance of the 0.01 N to that of the 0,02 N 
potassium chloride solution is 1.9580. In the “Arrhenius” cell the ratio 
is 1.9566, which differs from the one obtained in the other cells by only 
0.07%. In other words, the cell constant of the “.Arrhenius” cell cal¬ 
culated from the resistance of the 0.01 A r solution would differ hardly 
at all from that calculated from the resistance of the 0.02 N solution and 
the unreliability of the cell would have been overlooked had only these 
two solutions been used. 1 

Summary. 

It has been pointed out that even though the minima obtained in the 
measurement of the resistance of solutions by the usual method may be 
perfectly sharp, the results may nevertheless be incorrect and criteria 
for determining the reliability of the measurements and methods for over¬ 
coming some of the difficulties encountered have been suggested. 

Chicago, Ili 
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More than twenty years ago a series of investigations on the thermo¬ 
dynamics of amalgams was begun in Harvard University. 2 Recently, 
similar investigations have been conducted by G. A. Hulett. 3 The further 
interesting contributions of Joel H. Hildebrand concerning the vapor 
pressure of amalgams have added important auxiliary information. 4 

Nevertheless, the complete understanding of the electrochemical, 
thermochemical, and osmotic performance of these interesting metallic 
solutions has not been attained. This is unfortunate, since the nature 
of amalgams renders them more susceptible to varied investigation than 
that of many other types of solutions. It might reasonably be hoped 
that knowledge gained from these might be transferred by analogy to 

1 Errors of the kind found in the case of the "Arrhenius" cells are doubtless due 
to polarization. 

1 T. W. Richards and G. N. Lewis, Proc. Am. Acad., 34, 87 (1898); T. W. Richards 
and G. S. Forbes, Carnegie Inst. Publications, 56, 1 (1906); T. W. Richards and J. H. 
Wilson and R. N. Garrod-Thomas, Ibid., 118, i to 72 (1908); T. W, Richards and F, 
Daniels, Trans. Am. Eleclrochem. Soc., 22, 343 (1912). 

• G. A. Hulett and DeLury, This Journal, 30,1805 (19081. 

4 J. H. Hildebrand and E. D, Eastman, Ibid., 36, 2020 (1914); 37, 2452 (1915). 



CONCENTRATED THALLIUM AMALGAMS. 


17 33 


other solutions, even to aqueous ones, as regards those aspects of solution 
not involving electrolytic dissociation. 

Therefore it seemed to be worth while to follow further possible, lines 
of investigation suggested by earlier researches in the hope of attaining 
a satisfactory solution of the points not yet completely understood. For 
this purpose thallium lends itself more advantageously than any common 
metal possessing a moderate solution tension, because thallium is extraor¬ 
dinarily soluble in mercury. Even at 20 0 the liquid amalgam may 
contain as much as 43.3% of thallium. Such amalgams give sharp 
and constant values for their single potentials in aqueous solutions of 
thallous salts. Hence the free energy of transfer of thallium from one 
to another of these amalgams can be determined with great accuracy. 

Bearing these facts in mind, about 8 years ago we began an extended 
research upon both concentrated liquid and solid thallium amalgams, 
using both electrochemical and thermochemical methods. The experi¬ 
mental part of the research, which was to supplement the earlier work of 
one of us with J. H. Wilson on dilute thallium amalgams, was completed 
in the spring of 1914, but its publication has been delayed partly by the 
desire to correlate more fully the varied results, and partly by other 
pressing duties, occasioned by the great war. The work involved the de¬ 
termination of electromotive forces at several temperatures, densities, 
heat capacities, heats of solution of thallium in mercury, heats of dilu¬ 
tion of the amalgams, melting points of solid amalgams, and allied prob¬ 
lems. The several details are recorded below, together with some of the 
conclusions which may be drawn from the facts. The discussion of the 
theory is best postponed until the facts have been presented, since the 
method of attack was inductive rather than deductive. A more com¬ 
plete interpretation, which attempts to present a consistent theory of the 
constitution of the amalgams, and indicates the general tendencies at 
work in all such systems, will be the subject of a later communication. 

The Purification of Materials. 

The thallium material came from different sources, some from pure 
metallic thallium of commerce, some from earlier pure amalgams, and 
some from older residues purified by precipitating as iodide, converting 
into the nitrate, and precipitating impurities with hydrogen sulfide. A 
slight fesidue left after the solution of metallic thallium in strong sulfuric 
acid was filtered off and discarded, and the excess of add was driven off 
by heating. The fused cake of thallium sulfate from all sources dissolved 
completely in water. The salt was once crystallized, and its solution 
then allowed to stand in porcelain for a week or more with occasional 
stirring, in contact with pure electrolytic metallic thallium. After fil¬ 
tration of this solution, the salt was 3 times crystallized, being drained 
each time with a small effident centrifuge. 
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Pure thallium was prepared by electrolysis of a solution of this sulfate 
and pure ammonium oxalate, using platinum electrodes. Thallium per¬ 
oxide persistently formed on the anode, although conditions were varied 
over a wide range. An electrolyte made by mixing equal parts of satura¬ 
ted solutions of each salt, with a moderate current density, was the most 
satisfactory. A piece of chemically clean cotton doth tied around the 
anode of platinum foil kept the peroxide from gaining access to the cathode. 
From time to lime the thallium collecting on the cathode was removed, 
washed, and preserved in pure water in contact with another platinum 
cathode (3 volts), and thus preserved from oxidation The electrolysis 
was continued until a portion of the solution showed only a slight tur¬ 
bidity with potassium iodide. The thallium was then thoroughly washed, 
although it was found impossible to remove the last trace of salt, as shown 
with either barium acetate or potassium iodide. After being pressed 
into small porcelain boats, the metal was fused in a current of hydrogen 
in a porcelain tube, and kept in dry glass bottles. Of course it oxidized 
slightly on the surface, but before weighing it was carefully scraped 
clean and bright. Because of its manner of preparation it may' have 
contained a trace of sulfide, but this was probably removed and accounted 
for during amalgamation. 

Crude mercury, after long contact with cone, sulfuric acid, was dropped 
in a fine stream several times through a solution of mercurous nitrate 
and dil. nitric acid, and then distilled in a current of air under reduced 
pressure, as recommended by Hulett. 1 Mercury' thus prepared can hardly 
contain any impurity except dissolved oxygen. In order to eliminate 
this possibility, the metal was redistilled in a current of purified hydrogen, 
and sealed under hydrogen in a glass bulb, provided with a stopcock. 
Subsequently the mercury was kept and used wholly out of contact with 
air. Oxygen, which is fatal to accurate measurement of this kind must 
have been excluded. 

Ammonium oxalate used for the electrolysis of thallium was made from 
oxalic add and ammonium hydroxide. A strong solution of oxalic add 
(58%) was brought to boiling, filtered and strongly acidified with redis¬ 
tilled hydrochloric add. After cooling and recrystallizing 3 times, the 
chloride was found to have been removed. The oxalic add was neutral¬ 
ized with concentrated, freshly distilled ammonia, and the resulting am¬ 
monium oxalate was 3 times recrystallized. More ammonia was added 
as needed to replace that driven off by heating. 

Distilled water was redistilled from alkaline permanganate solution and 
again from a few drops of sulfuric add, using block tin condensers. 

All the hydrogen used was generated from pure zinc and hydrochloric 
1 Z. physik. Clam., 33, 611 (1900); Phys. /?«*., ai, 388 (1903). 
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acid, 1 and was purified and dried by passing over a strong solution of caus¬ 
tic potash on glass pearls, and tlirough two towers containing fused potas¬ 
sium hydroxide. Rubber tubes were avoided, and in this apparatus 
sealed glass connections everywhere effectually excluded air from the 
hydrogen. 

The Preparation of the Amalgams. 

The method of making amalgams used by Richards and Wilson 2 was 
first employed. Thallium was electrolytieallv deposited in pure mer¬ 
cury, the concentration being calculated from the weight of silver de¬ 
posited in a coulometer in the same circuit. 

By a method of analysis to be described presently it was found that 
although dilute amalgams may be made fairly accurately in this fashion, 
concentrated amalgams always contained less thallium than the quantity 
corresponding to the current and lime. This is doubtless due to the dif¬ 
fusion of dissolved oxygen or thallic sulfate from the anode to the neigh¬ 
borhood of the cathode after the current has been running a few minutes. 
No matter how carefully the electrolyte is at first freed from oxidizing 
material, it must very soon be impregnated with it. Accordingly the 
electrolytic method was later abandoned, and the amalgams were made 
separately, by mixing actually weighed amounts of mercury and thallium. 
The amalgamation of each piece of the metal was effected with the help 
of a few cc. of dilute standard add, which dissolved the superficial trace 
of oxide on the thallium.' 1 The amalgamation was conducted in a closed 
test tube, into which projected a very finely pointed, small pipet arranged 
essentially in the fashion adopted in the electrolytic method. The mixing 
was completed by bubbling hydrogen through the amalgam. Precau¬ 
tions against the presence of air arc not very important at this stage, 
since allowance would be made for oxidation by means of the acid titra¬ 
tion which immediately followed. The remaining acid was immediately 
titrated with standard alkali (using methyl orange), and the weight of 
thallium present in the aqueous solution was calculated and subtracted 
from the weight of thallium taken. The end-point was accurately de¬ 
termined and the correction (which never amounted to more than a 
few milligrams) for the dissolved thallium must have been accurate to 
within o. i or o. 2 mg. The only uncertainty lay in a doubt as to the 
exact ^composition of the trace of oxidized film on the surface of the metal 
at the time of weighing, but when large quantities are taken this uncer¬ 
tainty is negligible, especially since thallium has so large an equivalent. 

When the amalgamation and mixing were complete (and before the 

1 The generator used is described in Carnt^r Inst. Publications. $fi, io (1906). 

* Carnegie Inst. Publications. n8, </, io, n (1909). 

* Richards and Forbes, Carnegie Inst. Publications, j6, 18 (roost. The trace of 
sulfide, if present, was probably also dissolved. 
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titration of the supernatant add), the homogeneous liquid amalgam was 
almost all drawn into the small pipet which had previously delivered the 
gas. When the amalgam has been almost wholly withdrawn from the 
test tube, the suction was stopped, hydrogen was admitted above, and 
the pipet was removed for immediate discharge into the electrolytic cell 
in which it was to be measured. 

The advantages of this procedure over the former method of Ricliards 
and Wilson are several. Large bulbs and stopcocks need not be put on 
the balance, and weighings may be made accurately to tenths of a milli¬ 
gram. Each amalgam was made up separately and a possible error in 
one concentration would not be repeated in the others. Hence the abso¬ 
lute average values are safer. The mixing by bubbling hydrogen gas 
was more efficient than could be caused by the gentle rocking of the cell. 
The manipulation was simpler and more rapid, and with pure materials 
ready, the amalgams could be made, the cell filled, and measurements 
taken at different temperatures, all in one day—a distinct advantage 
when the amalgams may change in composition on standiug a long time 
under the electrolyte, as in this case. On the other hand, the new method 
lacks the consistency as regards relative measurements which is attained 
by making all of the amalgams from a single "parent” amalgam. This 
last circumstance was that wliieh determined the pro¬ 
cedure in the work of Richards and W'ilson. 

In order to test the concentration of these and other 
thallium amalgams, a convenient method of volumetric 
analysis was devised which proved to be accurate, 
simple, and rapid, and may find application in other 
work. The sample of amalgam, which should contain 
about o.z g. of thallium, is accurately weighed, placed 
in a 100 cc. Erlenmeyer flask, and covered with 50 cc. 
of standardized 0.02 N sulfuric acid. A short piece of 
wide, glass tubing is fitted snugly over the globule of 
amalgam to hold it in place, and a long capillary tube is 
inserted under the metal so that pure air may be 
bubbled through it and cause rapid oxidation. Two 
small holes blown near the bottom of the larger tube 
aid in the circulation of the acid (Fig. 1). The 
Fig. 1.—Apparatus thallium is oxidized and the oxide at once dissolves 
for preparing thal- in the sulfuric acid, which is too dilute to attack the 
Hum amalgams for mtrcur y as ] on g as an y thallium remains. The end- 
yjj s point of the oxidation may be estimated readily from 

the behavior of the mercury, since, when the thallium 
has been removed, the agitation due to the air causes the forma¬ 
tion of a great number of small globules which will not unite again, 
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probably because of a very thin, unweighable film of mercurous sulfate. 
Subsequent bubbling fails to diminish the concentration of the super¬ 
natant add. When the small globules thus no longer unite to form 
larger ones, the flask is removed and the excess of acid titrated with 
exactly standardized alkali. To make sure that all the thallium has been 
oxidized, one cc. of acid is added and air bubbled through for an hour 
more. If the alkali then required is not equivalent to the added add, 
the removal of thallium has not at first been complete, and the process 
must be repeated until there is 110 loss. Another trial is rarely necessary. 
The time required varies with the rate of bubbling and the adjustment 
of the tube from perhaps 2 to 10 hours, but the procedure requires no at¬ 
tention. Methyl orange or methyl red may be used as an indicator. 
The best results are of course obtained if the end-point is judged by com¬ 
parison with indicator in thallium sulfate solution or in a properly pre¬ 
pared buffer solution. The accuracy of the method may be gathered 
from the results shown in Table I. The first 3 results were obtained in 
1912 and the rest in 1913, using a new* standard solution. 

Table I 

Comparison of M. tliotls of Iietrrmining Composition 


Amalgam 

By turntion 

So 

By dirrct weighing 

vC 

Error 

Si 

A 

21 70 

21 722 

0 10 

1! 

1 v 07 




M rx> 

13 

0 iV 

c 

4 

4 <M 0 

0 12 

1) 

IO 0 7 




JO OI 

10 OU) 

0 04 

K 

4 -' 

42 S58 

0 13 


The Thermostats.—Two thermostats were used, one at 30°. The 
other, containing two regulators, could be set either at 20° or at 40°. 
They were electrically heated, constant within 0.01 °, and thoroughly 
stirred. 

The Cell. —The amalgams were contained during the electrical 
measurements in the 4-cupped glass vessel used previously in this labora¬ 
tory* and shown in the diagram (Fig. 2). It has an advantage over the 
later modification of Hulett’s, 3 iu that larger amounts of amalgam may be 
used without danger of accidental mixing, and therefore slight losses due 
to possible oxidation are robbed of much of their injurious effect. 

In a cell composed of dilute and concentrated amalgam, both lose 

1 With the exception of the doubtful case B, the volumetric results were accurate 
within 0.1 or 0.2 mg of thallium with the weights taken. This degree of accuracy is 
not of the same order as the high acruruc> of the potential measurements, but it affords 
nevertheless a useful check on the results 

* Richards and Forbes, Camcgu Inst. Publications, 56, 32 (190(1) 

• Hulett and De Lury, This Journal, 30, 1814 (1908), 
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thallium by oxidation, but the dilute amalgam loses a larger percentage 
of its contents than the concentrated one, in a given time, since the oxida¬ 
tion is more rapid 
than the diffusion of 
dissolved oxygen. 
Hence the electromo¬ 
tive force of the cell 
rises. On this ac¬ 
count not only was air 
scrupulously excluded, 
but all the measure¬ 
ments were made as 
quickly as possible. 
Although in early 
measurements trouble 
was experienced from 
oxidation, in the later 
ones it was adequately 
excluded, as is shown 
by the following two 
series of measurements, the first made immediately after the preparation 
of the amalgams, and the second after 9 days' 

Table II 

Constancy of Measurements 
20° 1-2 2-3 3-4 

I April 15 o 011572 o 008681 o 008174 

II, April 24 o 011574 o 008681 o 008175 

Concentrations, c ! 

1 = 20970, 2 = 27 362, 3 =* 34 029. 4 = 4: 858 

The precautions needful to attain such a result are so important that 
they follow in detail. 

The multiple cell was fused to the hydrogen generator, and after hav¬ 
ing been evacuated and filled with hydrogen several times it was almost 
filled with the electrolyte—a solution (about 2%) of the purest thallium 
sulfate in freshly distilled water. The solution had been boiled, cooled 
in pure hydrogen, subjected to a continuously bubbling stream of this 
gas (in order to remove dissolved air), then drawn into a hydrogen-filled 
finely pointed pipet, provided with a stopcock, and finally sealed off in 
hydrogen. From this pipet the filling of the cell was conducted through 
one of the projecting tubes of the latter in the presence of a counter cur¬ 
rent of hydrogen, the other tubes being dosed. As a further precaution, 
the cell was subsequently evacuated and the solution was allowed to 
boil under reduced pressure, all of the 4 projecting tubes being closed by 
short lengths of cleaned pressure tubing and glass rods, 
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When all was ready, the several amalgams were introduced into their 
respective cups as rapidly as possible. The capillary jet of a pipet was 
inserted into one of the rubber tubes of the glass cell until the point ex¬ 
tended below the surface of the electrolyte, in such a position as to be free 
from the danger of introducing any amalgam into the wrong cup. On 
the withdrawal of the pipet, the platinum wire (protected by glass) for 
making electrical connection was immediately substituted, the hydrogen 
stream continuing. Thus in rapid succession the 4 cups were filled, 
and the cell was ready for electrical measurement. The copper wires 
making connection with the potentiometer joined the platinum in mer¬ 
cury contacts beneath the level of the thermostat; hence thermoelectric 
effects were excluded. 

The Potentiometer.—The potentiometer was that used in the earlier 
investigation by Wilson and Garrod-Thomas, already mentioned, but 
for the final readings it was adjusted anew and several improvements 
were made tending toward the elimination of parasitic electromotive 
forces. This instrument and all the rest of the measuring apparatus 
was shielded by a grounded equipotential shield 1 of copper, the various 
parts of the potentiometer being mounted on separate glass plates held 
firmly in place on the shield with paraffin The heavily insulated copper 
wires forming the connections were enclosed in glass tubes. The binding 
posts as well as connectors were of solid copper, and contacts between 
unlike metals were reduced to a minimum. The potentiometer was cov¬ 
ered by a large glass case in which a small fan (rotated by a distant elec¬ 
tric motor) kept all parts at uniform temperature. The rocker switches 
and bridge rider were operated bv cotton strings from a considerable 
distance. 

The thermostat was found sometimes to be the seat of parasitic effects. 
When it was insulated, these effects were greatly magnified. Accordingly 
the water in the thermostat, and the relay, were grounded, whereupon 
this trouble disappeared. Too much emphasis cannot be put upon this 
precaution with regard to electrically heated thermostats. 

The arrangement thus mounted permitted reading to one one-millionth 
of a volt. Sundry experiments were made in order to determine if its 
accuracy corresponded with this high degree of sensitivity. The agree¬ 
ment found by measuring separately several cells and comparing the sum 
of the separately measured electromotive forces with the actually mea¬ 
sured total value of all in series was as good as could be expected. Such 
comparison is easily made in the 4-cupped cell employed. For example 
(in Series III at 30,00°), the cell I-L equalled 0.028945, whereas this 
value calculated as the algebraic sum of other combinations yielded, 
respectively, 7, 8 and 9 instead of 5 as the last figure, the other figures 
1 W, P. Whit*, Pkyt. Pgr., 25, J41 (1907); This Journal, j6, *011 (1914). 
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being the 

same. Thus the greatest deviation was 0 000004 

volt, and 

the average could hardly be in error o 000002 volt 

Table III 

Final Results (1913) 

(Senes III ) 

* E in Millivolts 



Concentration 20 6 30 * 

40 * 

A 

O 3315 | 



j 45 S 50 4 f) 937 

48 3*6 

B 

1 7«4 1 



> 26 395 27 050 

27 704 

C 

4 7*>8 > 



> 9 763 9 9 <i 8 

10 168 

D 

4 915 7 


E 

4 930 1 



f 29 480 29 971 

30 467 

F 

U1 019 V 



f 24 342 24 660 

24 981 

G 

IT 049 t 



1 9 5 «l 0 701 

9 833 

H 

21 025 1 


I 

20 970 1 



| II 572 11 741 

11 915 

J 

27 362 I 



> 8 6S1 8 844 

9 001 

K 

34 029 ' 



V *174 8 360 

8 347 

l 

42 858 ) 


F 

10 019 V 



| 33 7 f '9 34 208 

34 *56 

M 

20 780 V 



2 30 34I 20 678 

21 011 

N 

34 029 ' 



V 8 518 9 761 

11 034 

P 

(49 418) J 

Solid 


Q 

10 30 > 

J 32 360 32 791 


R 

20 7* V 

> 28 892 30 477 


S . 

(49 48) V 



Partly solid l I 5 1 2 7 1 

2 8* 

T 1 

Pure T! J 


U 

(49 418) V 

Partly solid [ 



Amalgam 001 0 000 

■ • 

V 

Amalgamated T 1 ' 


1 These figures are only approximate The potential of pure thallium Is being 

investigated further 
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Search was made for other possible disturbing conditions, however 
remote, which might be a source of error, but none was found. The room 
was usually very dry, and the introduction of a desiccating agent in the 
potentiometer case made no appreciable difference. The apparatus was 
never used in very humid weather, when, of course, electrical measure- 
ments are always difficult. 

The Measurement of Amalgam Cells.—With amalgams and po¬ 
tentiometer prepared as described above, and with gradually in¬ 
creasing trustworthiness as the work proceeded, measurements were 
made during many months. As a rule, the readings were very definite 
and constant, although in a few cases shaking of the cell caused slight 
fluctuations in the electromotive force, dispelled by a few seconds’ 
repose. Electrolytic metallic thallium, employed in one cell, in the 
form of a fine crystalline sponge, also gave a fairly constant potential. 1 
Amalgamated thallium and solid amalgams at 20°, or above, gave 
electromotive forces fully as constant as those of the liquid amalgams. 
The solid amalgams of less than 33 b 3% at o’, however, were not 


reproducible to mil¬ 
lionths of a volt. The 
formation of mixed 
crystals may have in¬ 
troduced uncertainty 
here. 

T h e preliminary 
measurments need not 
be recorded here. One 
of them has already 
been published. 8 It 
is enough to say that 
they were essentially 
identical with the re¬ 
sults on p. 1740. 

The accompanying 
graph (Fig. 3) pictures 
the final series of de- 

V _ 

terminations at 20 , 
30° and 40°, the 
weakest amalgam of 
this series (0.3315%) 



Fig 3 . -Electromotive forces of amalgam cells at 20°, 30 
and 40*. Uppermost curve 40°. 


* Richards and Lewis, Proc. Am. Acad... 34, 87 (1898). Lewis and Brighton point 
out that this is particularly the case with soft metals such as lead. Thallium is even 
softer than lead, This Journal, 39,1906 (1917). 

* Richards and Daniels, Lor. at. 














1742 


THEODORE W. RICHARDS AND FARRINGTON DANIELS. 


being taken as the starting point with zero potential. They all (even 
the preliminary determinations) fall on a perfectly smooth curve; the 
error of plotting on codrdinate paper as large as 44 X 53 cm. is much 
greater than the experimental error. The work of Richards and Wilson, 
below 2%, also falls exactly on the curve. 

When the saturation point of the liquid amalgam has been reached, 
excess of thallium is without effect on the potential; the curve breaks into 
a horizontal straight line at a point giving the concentration at which 
solid and liquid are in equilibrium. A 43-3% thallium amalgam, then, 
has a freezing point of 20 00°. Similarly, the freezing points at 30 0 
and 40 0 correspond to 44.5 and 45.8%, respectively. The horizontal 
line in the diagram indicates, of course, the coexistence of two phases in 
equilibrium. 

Electrolytic thallium gave a potential somewhat more negative (2.49 
millivolts at 20°) than amalgamated thallium. In an entirely independ¬ 
ent more recent investigation (as yet unpublished) of Grinnell Jones and 
W. C. Scbumb on the single potential of the thallium electrode, almost 
identical results were found. On the other hand, Lewis and von Ende 1 
assumed from the results of Kumakow and Puschin and of Sucheni (stating 
that their own experiments corroborated these results) that no difference 
in potential between thallium and the saturated amalgam exists. This 
apparent discrepancy will receive detailed discussion in a later communica¬ 
tion. 

The potentials of the liquid amalgams as given above are far greater 
than those demanded by any method of expressing the simple concentra¬ 
tion law. For example, the observed potential between amalgams F and 
G above at 30° is 24.66, whereas the formula ( RT/F ) In C\/L\ demands 
13.88 and the formula (RT/F)ln( 1 + iVj)/(i + N t ) demands 13.91.* This 
great discrepancy is even more highly interesting and important than the 
other. It will receive detailed consideration in the theoretical paper to 
which reference has already been made. 

The Temperature Coefficient of the Cells and the Equation of Helmholtz. 

The data in the table just given afford exact means of calculating the 
temperature coefficients of the several cells, and therefore of applying 
the equation of Helmholtz to them and calculating their heat effects. 

The column before the last gives a quantity (the temperature coeffi¬ 
cient of the potential of the cell divided by E 0 , potential at o°) which 
should equal the coefficient of expansion of a perfect gas, if the potential 
were due entirely to the concentration effect. The values of E e as far 
as the 17% amalgam could have been actually measured, but the amal- 
1 G. N. Lewis and von Endc, “This Journal, 32, 732 (1910). 

3 See Richards and Daniels, hoc. at. ; Richards and Wilson, / Hi., page 63; and 
Hildebrand and Eastman, Ibid., p. 2436. 
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gams containing over 17% of thallium partly crystallized at 0°. In all 
cases the valves of E a were found by extrapolation from those at 20 0 
and 40°. The minimum in this column at about 19% is very marked 
and is undoubtedly significant. Evidently the temperature coefficient 
is much less than that demanded by the gas law. 


Table IV 

Temperature Coefficients and the Helmholtz Equation 




AE/AT 




Cone 

( 20 - 30 *). 

( 30 — 10 ®) 

(Average) 

20 - 40 ® 

V (joules: 

0 3315 

O 0001387 

O <>001388 

O 0001388 

O CJ 0423 

470 

I 704 

0 OOOO656 

O OOO0654 

O 0000655 

O 00261 

096 

3 788 

O 0000205 

O 000020I 

O OOf X )2 03 

0 00215 

no 

4 935 






4 930 

0 000049I 

O OOOO496 

n 0000493 

O OOI73 

1449 

iu 019 

0 00003 1 8 

O 0000321 

U CXXX)3Hy 

O OOI35 

'445 

*7 "49 

O <***>122 

n 0000130 

0 (KW0126 

O OOI3S 

568 

-1 0*5 






*0 <> 7 >> 

0 <*>00169 

0 0000174 

0 000017 2 

0 00149 

6.31 

*7 392 

11 <.>0001(13 

0 0000157 

0 0000160 

0 00191 

38(1 

34 029 

4^ 858 

0 O0OOI86 

0 ocxxns; 

0 0000187 

0 00238 

26l 

<> 3315-42 

0 OOO3697 

» 0003708 

0 00O3703 


6276 

.14 029 

0 <**>1243 

0 0001273 

0 0001258 



49 4 lS 
(solid) 

Solid Amnlg 

l 

(0 ixy 20 Oo°) 




Pure Tt 

f 0 UOQOI 79 

0 0000142 

0 0000160 




The values in the last column are calculated from the familiar equation 
of Helmholtz, as applied to a gram-atom of a univalent metal: 

‘ l' = EF ~ FT — 

A7 

They will be compared later with the actual values found thermochem- 
ically. 

The agreement between the values at 20-30° and 30-40° is not per¬ 
fect, since they represent small differences between large quantities; 
the temperature coefficient over the higher temperature range averages 
0.28% higher than that over the lower range, and individual differences 
are in some cases much greater Nevertheless, probably most of the 
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average values given in the fourth column (and therefore those in the 
fifth) are within i% of the truth. 

The Densities of Thallium Amalgams. 

Since, as one of us, with the help of J. H. Wilson, had already shown, 
thallium expands appreciably on amalgamation, the densities of the 
amalgams were needed in the theoretical consideration. These were de¬ 
termined as follows: 

An Ostwald-Sprengel pycnometer, holding 1.0911 cc., was used in de¬ 
termining the densities. Determinations were made at both 20° and 30°, 
thus giving the coefficient of expansion, and furnishing an approximate 
mutual check on the results 

Table \ 

lXnsitus of Thallium Amalgams 


I. 

11 

III 

IV 

V 

VI 

VII 


Oh* 

Obv 

Vul lira 




Thallium 

density 

density 

from smooth 

\vt riine 

r>ifi 

Cocff 

% 

2 0° 

30 * 

turvt 10° 

dt iSltlCS 

V- 1 V 

of exp. 

O OOO 

it 34 f >3 

'3 5218 

n 5 ^ 

13 52 -’ 

0 OOO 

O OOOl8l 

O 331 



13 SI 4 

1 > 5 ' f ’ 

0 002 


1 704 1 



13 484 

M 493 

0 CKH) 


3 -as 



13 440 

13 459 

0 019 


4 930 

13 439 

n 41s 

13 41s 

I 1 439 

0 024 

O OOO179 

7 496 1 

13 383 






10 019 



13 306 

1 3 354 

n 04^ 


17 040 

13 190 

it 107 

IS ifi- 

13 247 

0 < 70 

O OOOI 75 

21 025 

13 108 

13 087 

13 Oh 7 

13 170 

0 083 

O OOOl6l 

21 16 1 



13 105 




27 362 

12 980 






33 70 * 

12 854 






34 029 

12 846 

12 82S 

12 828 

12 953 

0125 

0 000140 

39 702 



12 714 




42 838 

12 676 

12 (,56 

12 65ft 

12 .805 

0 149 

O OOOI57 


44 3 ° 12 629 

Wilson’s determinations at 20 0 gave, for amalgams containing, respec¬ 
tively, 0.79,3, 1 410 and 1 854% of thallium, densities 1,3527, 13.515 
and 13.504, respectively—values which fall precisely upon our curve. 

These densities are plotted in the accompanying graph (Fig. 4). The 
curves are almost rectilinear; their slight lack of parallelism is due to the 
change of the coefficient of expansion indicated in the last column. The 
dotted line in Fig 4 records the values which the densities would have 
possessed if there had been no expansion on amalgamation, taking 11.85 
as the density of pure thallium. Evidently the expansion on amalgama¬ 
tion is 1.05% of the total volume in the case of the 40% amalgam, and 
others in proportion. 

1 Our early determinations (1912) AU the others given 111 the table were made 
more accurately ia 1913 
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The " solution 
volume’ ’ 1 of a gram- 
atom of thallium, 
i. e., the excess in 
volume of an amal¬ 
gam containing 204 
g. of the solid metal 
over and above the 
volume of its mer¬ 
cury, is nearly inde¬ 
pendent of the con¬ 
centration, varying 
only from 17.47, in 
the case of amal¬ 
gams containing be¬ 
tween 20 and 25% 
of thallium, to 
17.51, in the case of 
very concentrated 
or very dilute amal¬ 
gams. The follow¬ 
ing table exhibits the values at successive concentrations, the densities 
being taken from the smooth curve 

T ABI.E VI 

Solution Volume of 7 halhuin in Mercury 


Per tent 

(Sp Yoi of Mercury at 50 0 

100 V 

= oo:y)M - 

100 — b 

Vo 1 

Sol vol 

MoteoL 

b 

Density 

Sp TOl (V) 

b 

& ° 

1 g Tl 

Vol 

5 

1.1 4'4 

O 074549 

1 49098 

1 40515 

0 0S583 

1751 

10 

13 3ln 

0 075131 

O 7Snl 

0 66560 

O 08571 

17 48 

IS 

13 208 

O 075712 

O 50475 

0 4190s 

0 08567 

17 48 

20 

U 107 

O 076295 

O 38148 

0 29582 

0 08566 

17 47 

35 

13 007 

O O768S2 

O 30753 

0 22187 

O 08566 

17 47 

30 

12 908 

O 077471 

O 25824 

0 17256 

0 08568 

17 48 

35 

12 809 

O 078070 

O 22306 

0 15735 

0 08571 

17.48 

40 

12 710 

O 078678 

O 19669 

0 11093 

0 08576 

17 49 


Tfle values show a slight minimum at 22 5 0 , but otherwise, as already 
stated, are surprisingly constant Whether or not this minimum truly 
exists, or is only an outcome of shght experimental defect, could hardly 
be stated positively without further very exact experimentation with 
a larger pycnometer, for which time was lacking. 

The coefficients of expansion are less constant; they show a distinct de¬ 
crease with increasing concentration. 

1 See Bouxficld and Lowry, Tram. Faraday Soc., 6,85 (1910). 



Fig + —Densities of thallium amalgams at 10° and jo* 
Upper curve 20 0 Dotted line hypothetical. 
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For further understanding of the situation, all the other thermal ef¬ 
fects involved should also be carefully evaluated by experiment, includ¬ 
ing in addition to the temperature coefficient of the electromotive force 
(already detailed), the heat capacities and the heat of dilution of the 
several amalgams, and the heat of solution of thallium in mercury as 
well as in amalgams of increasing strength. These topics are consid¬ 
ered in order below. 


The Determination of Heat Capacities. 

The procedure consisted in introducing a known quantity of heat into 
a weighed amount of amalgam and observing the rise in temperature. 
Electricity was passed through a heating coil of insulated mangnnin wire 



Pig. 3.—Calorimeter E, E', binding posts. J, K, coils 
of brass pipe. M, stirrer fitting m bearing, N. T, T, 


encircling the thermom¬ 
eter bulb in the amal¬ 
gam, which was con¬ 
tained in a small adia¬ 
batic calorimeter, and 
the quantity of energy 
was determined by 
measuring the fall of 
potential across the coil 
and the quantity of 
electricity passing. The 
rise of temperature was 
measured on a sensitive 
thermometer. The cal¬ 
orimeter of the appara¬ 
tus finally adopted and 
used with satisfaction 
for the determination of 
the heat capacities is 
shown diagrammatic- 
ally in Fig. 5. 

Thirty cc. of material 
from a special pipet was 
always taken for a de¬ 
termination. The sub- 


Beckmann thermometers. X,', tube for removal of 
amalgam and introduction of mercury V, glass tul»e 
for entrance of carbon dioxide gas. Y, cylindrical 
brass can, surrounded by larger brass can, Z. 


stance to be measured 
was held in the cylin¬ 
drical can Y, which was 
constructed of brass, 35 


mm. in diameter and 5 r mm. high. This fitted into a larger brass 
can, Z, and it was held in place by bits of cork, so that there 


•iwnmtW between the two cam, 
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A cover of brass with a wide flange was damped securely to a 
similar wide flange on the can by means of 4 screws (binding posts 
from dry batteries). Each flange had cemented to it with shellac 
a washer of pure, soft rubber. The surface of each washer was smeared 
with paraffin rubber, and when the cover was screwed down firmly, this 
arrangement gave an oil-tight closure. The outer can, thus equipped, 
was securdy fastened in a glass battery jar which was filled by a thin 
paraffin lubricating oil. The accurate Beckmann thermometer T was 
fitted in a short, copper tube soldered to the center of the cover, and was 
hdd firmly in position by shellac and a ring of heavy rubber tubing. This 
gave a secure setting, but allowed a certain amount of flexibility. The 
thermometer registered 6° and was divided into o 01 so that 0.001 ° 
could be estimated. The manganin coil, completely encased in glass, 
encircled (without actually touching) the thermometer bulb; and its 
leads, also encased in glass, came through two holes in the cover to the 
binding posts E and E'. It was securely fastened to the cover by means 
of de Khotinsky cement, which proved to be admirably suited to the 
purpose, after other cements had been found wanting. The small tube 
N, soldered to tile cover, extended up above the oil level and allowed the 
manipulation of a stirrer, M. This stirrer consisted of a flat, copper ring, 
slightly smaller in diameter than the inner can, fastened to a glass tube 
which served as a handle. The other tube, U, projecting above the sur¬ 
face of the oil, was for the removal of amalgam and the introduction of 
mercury. During the heat capacity measurements it was dosed by a 
stopper. 

Since brass and copper are readily attacked by mercury, the interior 
of the inner can and stirrer were covered with a thin coating of asphalt 
varnish and thoroughly dried. The mercury did not work through this 
and was not soiled by it. Neither shellac, paint, nor collodion met these 
requirements. 

The amalgam was protected from oxidation by a persistent atmosphere 
of pure, dry carbon dioxide. The stream of gas which had passed through 
a spiral brass coil immersed in the oil bath was delivered above the sur¬ 
face of the amalgam by means of a small glass tube, V, containing a fine 
aperture at the end. There was no danger of loss or gain of heat by the 
amalgam on account of this gas, since the oil bath was kept at the tem¬ 
perature of the amalgam. A fine capillary insured a uniform rate of flow 
(about 30 bubbles through the wash-bottles in a minute) during the en¬ 
tire day. At night a bit of paraffin was melted around the only free 
opening, where the stirrer fitted into the tube N, so that the calorimeter 
was gas-tight and the carbon dioxide current was thereby stopped. The 
continuous outflow of gas around the stirrer effectually prevented any 
awess of exterior air, which might have otherwise been pumped into the 
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inner vessel by the stirrer, with accompanying contamination of the amal¬ 
gam and gain or loss of heat. 

A second Beckmann thermometer, T', exactly like the first, was placed 
in the oil bath near the calorimeter. The two thermometers were care¬ 
fully set, so that at 20 0 they were within o. 01 °. 

The oil was heated during an experiment by means of an electric cur¬ 
rent passing through ribbon composed of a suitable alloy. About 3.6 
meters of this were wound in a spiral around a glass framework just inside 
the glass battery jar. This is not shown in the figure. It was connected 
with the alternating lighting circuit of 110 volts through a knife switch, a 
suitable permanent resistance and a rheostat in which each stop cor¬ 
responded to a rise of temperature in the oil of about o.or° per minute. 
Thus it was easy to arrange the rheostat so as to obtain a rise which kept 
pace with that of the calorimeter. The oil was kept thoroughly mixed 
by a rapidly agitated stirrer. After a determination was finished, the oil 
was cooled again, so as to be ready for the next experiment, by passing 
cold water through the coil of brass pipe, J. One hour was usually re¬ 
quired before the thermometer in the amalgam fell from 25.0° back to 
20 °. 

The current for heating the coil in the amalgam was furnished by the 
lead storage cell. It was connected with the leads of the inner heating 
coil through a delicate relay, a sliding resistance, and a knife switch. 
The relay (which was of very low ohmic resistance to minimize heating and 
consequent changing of the current in the circuit) controlled a stronger, 
entirely separate current actuating a device for releasing a stop watch, 
which was stopped by a spring the moment that the currents ceased to 
flow. Thus the duration of the current was automatically timed to within 
a fifth of a second. There was also an amperemeter, which served to 
give an approximate idea of the current. The sliding resistance consisted 
of a heavy manganin wire mounted on a glass bridge. A slider with a 
platinum point moved back and forth on it, so that the resistance in the 
circuit could be changed at will, thus regulating the fall of potential 
across the heating coil. It was found necessary to polish the manganin 
wire with chamois skin every day to insure a good contact. 

The fall of potential across the terminals of the heating coil EE' was 
measured by an Ostwald-Poggendorff potentiometer, which was fed by 
a cell of cadmium amalgam, dil. cadmium sulfate solution, mercurous 
sulfate and mercury. It was balanced against a standard cadmium 
cell by slipping one of its connecting wires of fine manganin wire back 
and forth in the binding post until there was no deflection of the gal¬ 
vanometer. This simple method of adjusting the potentiometer is very 
convenient and sufficiently accurate. j The shunt of the potentiometer 
box was connected through the galvanometer and a knif e switch with 
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the terminals of the coil EE'. The reading on the potentiometer box 
(0.7612 volt, kept the same in any given series, so that calibration was 
not necessary) was of a magnitude suitable for bringing all the factors 
to about the same order of accuracy. The mirror-galvanometer was 
read by means of a suitably arranged spot of light, which could be seen 
readily from the experimenter’s position. Manipulation of the sliding 
contact of the heating circuit kept the galvanometer reading very near 
zero throughout the determination, and hence maintained a constant 
electromotive force at the terminals of the heating coil. 

The complete insulation of the quantitative heating coil EE' of man- 
ganin wire was attained by enclosing it in a very thin glass tube. Upon 
this the success of the method was dependent. Several glass tubes were 
drawn out to capillaries until one was obtained which just slipped over 
the wire and fitted it snugly. The two were then carefully heated to a 
faint red heat and bent into a coil. The glass melted around the wire 
at the same time. This coil was soldered to leads of large copper wire, 
encased in glass tubes, and larger glass tubes were melted in place around 
the two connections. 

Since the arrangement was precisely the same in each experiment, and 
the method was a strictly comparative one, the exact resistances of the 
manganin wire and copper leads need not be accurately known. Neither 
need the small fraction of the heat developed in the leads which was com¬ 
municated to the calorimeter be determined. Nevertheless, the resis¬ 
tance of the manganin wire was measured, and found to be 1.224 ohms 
(constant over wide range of temperature), and that of the leads 0.004 
ohm. Making due allowance for the resistances in the lead wires (0.004 
ohm), the effective potential was found to be r = 0.7587 volt. Hence 
the constant r’/r, to be multiplied by the time in seconds in order to ob¬ 
tain the energy in joules, was 0.47035. The result divided by the rise 
of temperature (always nearly 5.000°) gave the heat capacity of the sys¬ 
tem, from which the heat capacity of the calorimeter was subtracted. 
This was determined by means of sixteen independent experiments made 
upon pure mercury, which gave as the value of the heat capacity the 
value 72.40 mayers, with an average deviation of 0.04. With such a 
large number of results a close approximation to the true value must have 
been obtained. 

Assuming (with BartoUi and Stracciati) the specific heat of mercury 
to be 0.03344 between 20° and 25 0 , the beat capacity of the calorimeter, 
thermometer, and fittings must have been 72.40 — 408.x6 X 0,03344 X 
4.178* «* 15.37 mayers. This value was used throughout the following 
work. 

Having thus found the constant of the apparatus and attained facility 
1 The heat capacity of a gram of water at 32.S ° in mawr* 
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in its use, we proceeded to carry out precisely similar experiments upon 
thallium amalgams. Two series were made, in each case starting with 
a concentrated analyzed amalgam, and going step by step to more and 
more dilute ones. At each step some of the amalgam was carefully 
withdrawn and weighed, and about an equal weight of mercury (also care¬ 
fully weighed) was added by means of a peculiar pipet to be described 
later. Thus the concentration of the amalgam at each step could be 
easily calculated. As a check upon the chain of operations, from time 
to time the portions withdrawn were analyzed, 1 and, moreover, at the 
conclusion of each series tlie actual weight of the most dilute, amalgam 
was determined. These checks were entirely satisfactory, and afforded 
satisfactory evidence that no accidental gross error in weighing had been 
made at any stage. 

The results with thallium amalgam follow, the average for the mer¬ 
cury being placed at the head of the table. 


Table VII 

Heat Capacities of Amalgams 






Temp 

Total 

Heat capa¬ 



Designation 

Thallium 

Weight 

1 line 

nse 

heat cap 

city of 


\veratff 

of amalgam 

% 

c. 

^itonrk 

0 c 

Mayers 

l * (imal 


<roayer»> 



408 13 



72 40 



0 1397 

A . . 

. 40 92 

382 85 

S02 4 

t Ooo 

75 4s 

O 15701 

, 



40 92 

382 85 

800 8 

4 999 

75 48 

O IS70X 


0 1571 


40 92 

382 85 

802 2 

4 99 •> 

7S 54 

o 15716 

1 


B 

37 21 

3S2 21 

79-V 2 

4 9fco 

74 91 

" 1557b 

> 

t 



37 21 

382 21 

792 <> 

1082 

74 Rt 

0 15557 

1 

0 1557 

c 

32 69 

387 8? 

800 4 

4 <)b,, 

75 6 

" 15528 \ 



32 69 

387 «7 

802 2 

4 99" 

75 fo 

" 13531 / 

0 '553 

D. 

27 69 

400 295 

815 (, 

4 99" 

7 9 87 

0 15^4 

1 



27 69 

400 295 

8r6 8 

5 008 

1 <> 7 s 

O 15524 . 

t 

0 IJ34 

E 

20 70 

407 79 

819 8 

5 "13 

76 92 

O 

1 



20 70 

407 79 

817 f> 

4 992 

77 03 

0 1SIX) 

f 

f 

0 1411 

F.. .. 

15 40 

420 14 

831 0 

4 99f, 

78 2 1 

0 M 9 Uz 

1 



15 40 

420 14 

830 2 

4 993 

78 2 1 

0 14957 j 

" 1496 

G 

II 42 

A 36 78 

841 4 

4 980 

79 47 

0 14676 

1 



II 42 

436 7 8 

841 8 

4 980 

79 51 

0 14685 / 

\ 

0 1468 

H . 

If 42 

4oo 54 

788 0 

4 992 

74 25 

0 14700 1 

i 



II 42 

4oo 54 

787 G 

4 988 

74 27 

0 14705 J 


0 1470 

I. 

8 48 

402 32 

786 0 

5 000 

73 94 

0 14558 1 

i 



8 48 

402 32 

785 4 

5 002 

73 83 

0 14536 J 

f 

0 1435 


1 Analyses of amalgams gave the following results A ~ 4007, 4088 4001. 
average 40,92% G-u 42 , n 4,3,average n 425 % (calculated 11.42) L-3.50 34* 

average 3-495% (calculated 3 54) M - 34 9t, 34 95, 34 84 . 34 92 , average 

i53 ,' aVera?e 3535 / f (ca,culated 5 54) After each series tte residua! 
very dilute amalgams m the calorimeter were weighed, the weights being 403 7 Z 

“ r ,o "* " ta “““ «* ■»* *»•«' 
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Table VII ( concluded) 






Temp 

Total 

Heat enpa- 


Designation 

Thallium. 

Weight 

Time 

ri*.t 

heat c«p 

city af 

Average 

of amalgam. 

% 

G 

Seconds 

0 C 

Mayem 

I Z 

ataai 

(mayer*). 

J. 

(> 30 

4°3 95 

7*4 2 

5 008 

73 65 

O 

14428 ’ 

" 0 1441 


6 30 

7*3 9 

5 or* 

7.3 52 

O 

14395 1 

K 

4 69 

405 18 

7H0 0 

5 005 

73 30 

O 

14299 \ 

■ 0 1431 


4 69 

780 4 

5 003 

73 37 

O 

14316 j 

I. 

3 54 

406 5 2 

780 0 

5 020 

73 08 

O 

14203 | 





780 0 

5 003 

73 33 

a 

14264 

0 1423 




77 * = 

5 020 

73 21 

0 

14234 ) 





779 * 

5 020 

73 06 

0 

142001 

► O.1425 




780 4 

5 010 

77 27 

0 

14250 j 

M 

34 90 

386 17 

800 0 

4 999 

75 -’7 

0 

155” 






5 oio 

75 09 

0 

15465 

► O 1550 





4 99* 

75 29 

0 

15516 


N 

29 49 

388 89 

8()I 41 

5 010 

75 06 

0 

15350 ) 

> 0 1534 




79 S | 

4 990 

74 97 

0 

15327 J 

P 

24 88 

39 1 40 

799 2 

5 008 

75 06 

<i 

152501 

> 0.1523 




79 * 2 

5 010 

74 94 

0 

15:20 j 

Q 

18 36 

394 49 

790 0 

4 990 

74 47 

0 

149S51 

f 0 1499 


79 “ - 

4 990 

74 4 * 

0 

149*7 J 

R 

13 58 

396 54 
39 <> 54 

787 4) 

7*7 0 

5 <XT > 

s 002 

73 93 

74 i*> 

0 

0 

14768 1 

147*5 J 

\ 0 1478 

s 

JO 07 

59 * 31 

78,, 0 
7 * I 8 

4 99 *5 

5 005 

73 44 

73 47 

0 

0 

14582 1 
145*7 j 

\ 0 1458 

T 

7 47 

39 * 9 3 

77 * 1 

5 9-9 

72 78 

0 

14391 





“8O O 

5 91? 

73 1.3 

0 

'4479 

: 




775 6 

5 012 

7 * 79 

0 

1439.3 

f 0 1444 




776 s 

5 '*>5 

73 cx> 

n 

14446 j 





77 * 4 

5 ooR 

7 1 M 

0 

>4474 , 


V 

5 54 ’ 

399 8t> 

77.3 1 

5 005 

74 06 

0 

14330 

j* 0 1433 


775 “ 

S Ol s 

74 69 

0 

14337 . 

V 

3 07 

400 71 

7 f »5 8 

4 0*8 

72 21 

0 

14185 ' 

1 0 1418 




770 O 

5 018 

72 *7 

0 

14175 . 

W 

1 49 

402 31 

784 6 
764 R 

4 996 

4 995 

7198 

74 04 

0 

0 

'4071 
. 140S3 

1 0.1408 


These values are plotted in the accompanying graph (Fig. 6), which 
shows that only 2 of the 21 points are far distant from a smooth curve. 

Schmitz’ found the specific heat of solid metallic thallium (20-100°) 
to be o 0324; hence the heat capacity of one g. is o 1354 mayer—a value, 
one would expect, not very different from that of lead. If no change 
specific heat took place on amalgamation, a 40.9% amalgam should 
have the heat capacity of 0.1381 instead of the actual value 0.1571. 
The gain of 14% is unusuatly large, even taking account of the liquefac- 

1 The portion of this taken out in preparation for the next amaJRam was analyzed. 

* Proc, Roy. Sor. London, 7a, 177 (1903). 
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tion of the thallium (for liquids usually, if not always, have a larger 
specific heat than the corresponding solids), and is especially interesting 
in view of the concomitant marked increase in volume. This adds an* 

other to the many cases 
in which these two 
changes go hand in 
hand— a category in¬ 
cluding the increase in 
volume and specific heat 
accompanying not only 
liquefaction in general, 
but also neutralization 
and other kindred phe¬ 
nomena involving the 
Fig. 6 . — Heat capacities of thallium amalgams. Specific combination of ions, 
heat capacities (in joules'/” = mayers) are plotted as The most Striking excep- 
ordmates, and percentage composition of amalgams as Uon tQ the mle is lhe 
abscissas. . 

liavior of ice on melting. 

It is not without interest to refer the changes of heat capacity thus 
measured to a given constant quantity of thallium. This is most con¬ 
veniently represented by determining a quantity which may be called 
the "solution heat capacity" of thallium, analogous to the "solution vol¬ 
ume.” The “solution heat capacity’’ is obtained by referring to the 
thallium all the change in heat capacity which occurs on amalgamation 
(although, of course, it is by no means certain that some of the change is 
not due to an effect upon mercury associated with thallium). This quan¬ 
tity gives another clue to the constitution of the solution, and is therefore 
of value. 

The solution heat capacity” may very simply be calculated by sub¬ 
tracting the heat capacity of the mercury (100 — b)K 0 /b of an amalgam 
having 6 % of thallium, from the heat capacity ioo K/b of the amnlgnm 
K 0 and K represent, of course, the heat capacities of a gram of mercury 

TaB!.B VIII. 
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and of the amalgam, respectively. In this way the preceding table of 
solution heat capacities is easily calculated. 

Evidently a gram of thallium produces less effect on the heat capacity in 
concentrated amalgams than in, dilute ones, arid we may safely infer that 
the circumstance or reaction which causes the greatly increased heat 
capacity occurs to a less extent in the concentrated amalgams than in 
the dilute ones. Presumably this effect is (at least in part) hydrargyration. 
In any case the increase is very striking being from 34 to 53% of the orig¬ 
inal heat capacity of the solid thallium (o. 1354). 

The change in the "solution heat capacity” is interesting in contrast 
to the approximate constancy of the solution volume, already tabulated 
(see p. 1745). Although these phenomena parallel one another as regards 
sign and order of magnitude, they cannot lie due entirely to the same 
tendencies. 

The Heat of Dilution of Thallium Amalgams. 

In the preceding extended scries of experiments on the heal capacity 
of the amalgams, the heat of dilution with pure mercury, in the calorim¬ 


eter, was carefully observed at the times of prepara¬ 
tion of the successive amalgams. 

Mercury is so good a conductor of heat, and the 
total heat capacity in the calorimeter was so small, 
that it was necessary to make sure that the added 
mercury possessed really the same temperature as the 
calorimeter at the moment of introduction. In order 
to accomplish this result, the mercury was introduced 
from a water-jacketed pipet with a very fine point. 
The whole length of the delivery tul>e as well as the 
body of the pipet was surrounded by a current of water 
kept at exactly 20°, the starting point of the experi¬ 
ment (Fig. 7). A weighed amount of mercury having 
been introduced into the pipet (the weight having been 
found by the loss of weight of a weighing bottle con¬ 
taining mercury, from which it had been drawn by 
suction), and time having been allowed for it to attain 
the proper temperature, the mercury was allowed to 
run into the calorimeter, diluting the amalgam there. 
At all times during the transfers, as well as during the 
thermal measurement, the amalgam was protected from 
oxidation by carbon dioxide gas in the manner already 
described, and the last drop of mercury' was ejected 
from the pipet by pressure of the same gas. 

Since mercury is more dense than the amalgams, the 
pare liquid diffused thoroughly through the liquid mass 



Fig. 7.—Water-jack¬ 
eted pipet for de¬ 
livering mercury 

twilVarmiaH •* 
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almost immediately, and little stirring was needed, except in the case of the 
most dilute amalgams, where the densities of the two metallic liquids were 
nearly identical and somewhat more energetic stirring was needful 
The following table records the results 

Tabi.e IX 


Heats of Dilution at 20° 


Wt of 
amalgam 

m. G. 

Wt of 
merciry 

m G 

% composi¬ 
tion ong 
amalg 

% comp’n 
result 
ing aroilg 

Rise of 
temp 

Ht cap 
of system 

Heal 

evolved 

Joules 

u 2 0 ° 

Hot ev per 
g at T1 





First 

Seiits 





347 56 

34 

65 

40 92 

37 21 

2 240 ° 

74 

87 

168 

241 

340.78 

47 

09 

37 21 

32 69 

2 780 

75 

60 

209 

337 

339.05 

61 

25 

32 69 

27 64 

3 070 

76 

79 

236 

433 

30491 

102. 

.88 

27 69 

20 70 

4 023 

76 

97 

509 

747 

312 60 

107 

54 

20 70 

15 4° 

2 712 

78 

22 

2 1 1 

666 

323 73 

”3 

05 

15 40 

1142 

1 798 

74 

49 

143 

585 

298 75 

103 

58 

1142 

8 48 

1 010 

7! 

90 

74 (> 

446 

300 35 

103 

60 

8 48 

6 30 

0 630 

73 

59 

46 4 

372 

301 42 

103 

72 

6 30 

4 69 

0 347 

73 

35 

25 5 

273 

302.52 

103 

81 

4 69 

3 55 

0 17s 

73 

10 

12 8 

181 





Second Series 





322 83 

64 

03 

34 90 

29 49 

3 250 

75 

0: 

243 

4.35 

330 54 

60 

86 

29 49 

24 S3 

2 810 

75 

00 

2 11 

44' 

291 17 

103 

22 

24 88 

18 36 

3 483 

74 

47 

259 

73' 

293.15 

103 

39 

18 3<i 

13 ss 

2 2 SO 

7 3 

97 

166 

C>31 

295 37 

102 

94 

n 5« 

10 07 

I 37S 

-3 

4/7 

101 

514 

295 99 

102 

94 

10 07 

7 47 

n 810 

V- 

96 

59 

405 

296 43 

103 

37 

7 M 

S 54 

0 480 

7> 

67 

34 9 

.321 

297 55 

102 

88 

5 54 

4 12 

0 273 


43) 

19 8 

24J 

297 88 

102 

81 

4 

3 07 

0 130 

72 

19 

9 4 

156 

296 26 

IO6 

04 

S 07 

r 49 

0 130 

72 

00 

9 4 

319 


At the dose of the seventh experiment of the second series the final re¬ 
sult was tested twice by heating the system through o 480° quantita¬ 
tively, by means of the spiral dectrically heated aril. The values ob¬ 
tained (34.7 and 34.6) agreed as well as could lie expected with the re¬ 
sult computed from the heat capacity—34 9. Similar tests were made 
after the eighth and tenth trials, affording suffident confirmation of these 
results also, within the limit of error of experimentation. Therefore it is 
safe to condude that the values given represent closely the heats of dilu¬ 
tion of the several amalgams. 

Since the dectromotive force and its temperature coefficient were both 
measured more carefully at 30° than at 20°, it is therefore convenient for 
comparison to recalculate the heats of dilution to the higher temperature— 
an easy task, since the heat capacity change during the reaction is 
known. According to the equation of Kirchhoff, MJ - —AK\Ar (or, 
in this case, A V *= —10 A K), A K being the change in heat capacity 
involved in any given dilution where the total amount of thallium present 
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was 204 g. (a gram-atom). Table VII contains the necessary data concern¬ 
ing the heat capacities, and the results of the calculation arc contained in 
Table X following. The change in any ... 1 -1 .1 j t rpfcrjv. 

one experiment was simply divided by _ , j ,y "j_ 

the atom-fraction (n) present in order to |. I j j I 'Rtf 

give the value for the gTam-atom k and j j ‘ / i ] 

w mean heat capacity per gram, and j~ | J ; " "j T, 
weight, respectively; subscripts 1, 2 and 3, *® j * ~f~ ^ r-m 

signify the stronger and the weaker amal- —;--7- -f~ < *——-rj 

gams, and mercury, respectively. The j#—i—4 -_LaL— -j -— —4 

values of k v and kt were read from the ... {_’ / 4_ .j -I 

smooth curve of Fig. 6 given on page _ [/ _ [ _j [ .y 

1752, since the smooth curve really rep- £ j } "' l_rj 

resents an average value corrected for 1 1 I 1 F i 

accidental experimental error. The values ,c ~ Jrj “ P~ J 1* ’ t 1 

for A L were then plotted and were found ~ 7 , 

to lie approximately on the curve given -~-^-jg-^— 

by I ig- 8- i |g s —Change of dilution heat with 

hor later reference the values for the 10 . temperature change . <,L'(in 

heat of dilution of amalgam with mercury this case the differences in kilo- 

at 325 0 were desirable. Unfortunately. joules between the heats of dilution 

no data exist as to the heat capaeitv at 2c/ mil 1 are plotted as or- 

v. *i * 1 f * dmatess, and percentages of tbal- 

change o\ cr that large range of tempera . , _ , . 

, ° 1 hum are plotted as abscissas. 

ture, and it is hardly safe to conclude Thus, for example, the carve shows 

that the change will be the same as at that the dilution of a 40% to 20% 

room temperatures Nevertheless, in de- amalgam (each containing 204 

fault of other data, the values for 325 0 Rr^ms of thallium - evolves 26.5 kj 

, _11 . , , loss heat at so' than at 20°. 

also were calculated, ana arc given m 

the last column. They make no pretensions to exactness, whereas 
the values at 30’’ mat’ lie considered as being almost as exact as those 
at 20 c . 

Takls X 

First Series 

Comp, aninl* few 4-few few At Alt & 20 ° U 30 j t f 325* 


17 21 J 
37 It \ 
12 69 J 
32 69 1 
27.69 / 
27 69 1 
20 70 J 

20 70 1 

«S 4*/ 


/ ; . r ' Fj 

2*1 ! « 1 I* Pi 

jrj-1- 

i Per ten! Thallium 
t« 20 M « 

l ig 8 —Change of dilution heat with 
10' temperature change. AL’ (in 
this case the differences in kilo¬ 
joules Iwtueen the heats of dilution 
at 20 c and 1 >‘) are plotted as or¬ 
dinates, and percentagf. of thal¬ 
lium are plotted as abscissas. 
Thus, for example, the curve shows 
that the dilution of a 40% to 20% 
amalgam (each containing 204 
grams of thallium 1 evolves 26.5 kj 
less heat at 30 c than at 20 °. 


Mtn + hwi 

*»i vt 

Sk 


Ux>° 

U30* 

t , 325‘’ 

59 305 

59 548 

0 245 

3 * 

24' 

437 

136 

59 671 

59 961 

0 294 

4 7 

337 

337 

igf) 

(>o 074 

61 376 

O 353 

6 5 

433 

420 

238 

til 084 

61 49s 

0 411 

10 o 

747 

737 

430 

Os 163 

02 47 s 

O U2 

10 0 

(166 

<156 

372 
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Table X {continued) 


Comp, amalg. few + Jntei. 

few. 

Alt 

AU 

U20* 

^30 • 

17325 ° 

15 - 4 ° 
II.42 J 

‘ 63 932 

64 119 

0 177 

7 0 

584 

577 

368 

It 42 \ 

8.48 J 

> 58 326 

58 418 

O 092 

5 5 

446 

440 

281 

8.48] 

6.30 J 

’ 58 084 

58 13S 

O 044 

4 0 


3*8 

252 

6.30 1 
4.69 J 

» 57 864 

57 894 

O 030 

3 0 

j? \ 

270 

198 

4.69 1 
3.55 ) 

| 57 732 

57 780 

0 048 

7 5 

181 

I 74 > 





Second Senes 




34.90 1 
29.46 j 

| 59 046 

59 45 C' 

0 408 

7 5 

415 

429 

255 

29.46 1 
24.88 J 

| 59 306 

59 610 

0 304 

6 4 

441 

4 VS 

201 

24.88'! 
18.36 . 

| 58 765 

59 119 

0 VS 4 

10 0 

7 3 1 

72 x 

431 

18 36 1 
13.58 J 

| 58 387 

58 648 

0 2 (n 

10 0 

OJI 

*71 

3)4 

13 58 ' 
10 07 

J. 58 066 

58 193 

0 127 

<> 5 

5«4 

yiN 

319 

lO 07 ’ 
7 47 , 

| 57 625 

57 685 

0 080 

4 « 

4 C 5 

4 °* 

-•82 

7-47 1 
5 54 . 

| 57 305 

57 331 

0 02 0 

2 5 

521 

uy 

249 

S 54 1 
4 is J 

| 57 041 

57 061 

0 020 

2 1 

244 

2 )? 

1(19 

4 12 1 

3.06 J 

| 58 813 

56 821 

0 008 

2 0 

■ 5 *> 

154 

102 

3 06 1 
l 49 J 

> 56 824 

56 641 

0183 

6 

319 

oi 3 

(?) 


These results at 3°° are plotted in the curve of Fig. 9 In plotting the 
two senes together, the fifth experiment of the second series was made 
to Ke exactly on the curve for the first set, for it is in this region that the 
results have the greatest accuracy and consistency. The origin was ob¬ 
tained by extrapolation. The graph gives at once the heat evolved by 
diluting an amount of amalgam containing one gram-atom from any 
given percentage to any other percentage, at 30.o°. 

The Heat of Solution of Thallium in Mercury and in Thallium Amalgams 
A phenomenon closely related to that just treated, and of value in the 
verification of its significance, is the heat of solution of metallic thallium 
in liquid thallium amalgams. The explanation of the connection be¬ 
tween the two diverse phenomena will be deferred until the. second has 
been considered in detail. 
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Thallium dissolves easily and promptly in mercury, the first portion 
evolving considerable heat, and the later portion absorbing much more. 
The problem was to determine the magnitude of these thermal quanti¬ 
ties. 

The magnitude of the cooling effect may be determined simply by pre¬ 
venting the amalgam from being lowered in temperature, with the help 
of the quantitative heating coil described in the heat capacity experi¬ 
ments, noting the potential and quantity of the current. Through this 
isothermal method, a knowledge of the heat capacity is unnecessary. The 
amalgam is always at ___.__ 

, " - , ;wo' ; ; r 35 : 7 —i 1 

the temperature of the 1 .. Kjdig 

surroundings, and all i ■—•- L:;~~ 

cooling corrections arc ■ -1.- - 1 HynS 

eliminated. The ex- m* f ~~ y i niM f 

periment may there ; j. | ; -|j^jv- j j pjp fe jf S jM s; 

fore extend over a •***« -~i' pr?-r^r-£ij ff 4 ;~ l&f 3j||ijj:jg jjjjpi 

considerable period of :| .;;; j' - f llij 

time, and equilibrium 

may be attained with- j.yj’H" T " j r T~; IH 

out rapid stirring. The r ^ S" » »' • 

method appears to be Fig. 9.—Hmt of dilution of thallium amalgams at 30°. Or¬ 
an extremelv satisfac- diliates indicate joules evolved on diluting a mass of 
t l )ul jj. amalgam containing one gram-atom of thallium. Ab- 

' * , seissas indicate percentage composition, 

be used only for endo¬ 
thermic reactions. The apparatus consisted simply of a Dewar bottle 
(containing the amalgam, a heating coil, and a Beckmann thermometer) 
attached to the end of a large glass tube and submerged deep in a ther¬ 
mostat. The voltage across the heating coil was measured with a 
potentiometer, and a silver coulometer gave the quantity of electricity 
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passing. 

The procedure, as evolved in the course of a few preliminary experi¬ 
ments, was as follows: A suitable quantity of mercury was put into the 
calorimeter, and when its temperature was the same as that of the thermo¬ 
stat (,30 °) it received successive weighed amounts of thallium. Occa¬ 
sional stirring with a small glass rod caused uniform mixing. Previously 
the oxide had been removed from the thallium by treatment with a little 
standard acid, due correction being applied to the weight taken. The 
thallium pieces had also been placed in a small bottle immersed in the 
thermostat, so that the whole system would be at the same temperature, 
Oxidatiou was nearly, but not completely, eliminated by a layer of puri¬ 
fied kerosene in the calorimeter. 

The heating of the coulometer with the passage of tlie current caused 
a rapid decrease in its resistance, and consequently a tendency to «««•• 
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the fall of potential across the heating coil. Although this was corrected 
as rapidly as possible by the arrangement provided for that purpose, 
the compensation was not always exact, and the results must be regarded 
merely as preliminary. The arrangement described under the heat 
capacity determinations, including the stop watch, was far more satis¬ 
factory, and would have served the purpose better. It is intended not 
only to verify *he present preliminary results by repeating the experi¬ 
ments with larger amounts of material, but also to extend the method 
to many other cases, both of amalgams and aqueous solutions producing 
endothermic reactions. 

As already said, the first portions of thallium on dissolving in mer¬ 
cury caused a rise of temperature. This could not be measured accur¬ 
ately, since the heat capacity of the Dewar vessel was unknown. The 
procedure, therefore, until the concentration had attained 8 76%, was 
not thermally quantitative, but was interesting in showing that a con¬ 
siderable amount of heat was at first evolved. Every addition after the 
percentage just named caused a cooling effect and this could be 
accurately measured. These results are accordingly included in the 
table given below. After the amalgam reached the concentration of 
38%, the liquid became so nearly saturated that the thallium dissolved 
very slowly and the results were of little value Therefore they are 
not included in the table. 

Tabu; XI 

'I lie Heat of Solution of Thallium in Mcicury 
f?40 S46 r of Mercury in the Calorimeter ) 


Ejcpt 

11 present 

Tl addt>d 

% Tl in 
resulting 
amalgam 

Per cent of 
a R at of Tl 
added, tOOn 

Per cent 
of a g atom 
preedit 

Heat in¬ 
volved in 
proceirt. A w 

I... 

0.0000 

15 9457 

r> 22 

7 82 

7 » •> 

f 1 .sol 1 

2 

15 9457 

7 1497 

8 76 

3 5 <> 

1 I 12 

'So' 1 

3- 

23 0954 

6 2123 

10 86 

3 03 

H 37 

1 O 

4... 

29 3079 

13 9567 

15 24 

6 84 

21 2f 

52 H 

5.... 

43 2646 

14 6875 

19 42 

7 20 

28 41 

lift 2 

6 . 

57 9521 

id 5595 

23 65 

8.12 

36 S 3 

-188.5 

7 . 

74 5116 

16 4778 

27 -45 

8 08 

44 ho 

- -219.0 

8 s ... 

64 6504 

II 6705 

30.87 

5 72 

3741 

- 173 7 

9 . 

76 3209 

13 4104 

34 43 

<5 57 

43 99 

-217 b 

to. 

89 7313 

15 4190 

38 09 

7 5 d 

51 54 

-277 3 


In tabulating these results, it was remembered that the concentration 
of the thallium in the amalgam increases as the thallium dissolves. Thus 
in any single experiment the first portion dissolved corresponds to the 
addition of thallium to an amalgam of the lower (original) concentra- 

1 In giving these approximate values an approximate value was assumed for the 
heat capacity of the Dewar flask. Account was taken also of the extrapolation of the 
more certain part of the curve, and of the requirement of the Helmholti equation. 

* 99.97°8 g. of the amalgam was removed at this point 170.914 g. Hgnow present. 
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tion, while the last portion corresponds to the addition of thallium to 
an amalgam of the higher (final) concentration The heat evolved there¬ 
fore corresponds approximately to the addition of thallium to an amal¬ 
gam of the average concentration. For example, the heat evolved 
(—1614 joules) during the increase of concentration from 15 24 to 19 42% 
must correspond closely to the addition of a grata-atom of thallium to 
an amalgam of the average, concentration 17 33% (as given in the middle 
column of the following table). This calculation assumes, of course, 
that the curve is practically a straight line between the two concentra¬ 
tions—an assumption which would be strictly permissible only for very 
small additions of thallium. Nevertheless, the small error thus introduced 
is dearly less than the probable experimental error. The middle col¬ 
umn, and the method of arranging the figures, below, are obvious out¬ 
comes of these considerations The heat evolved in each case is reduced 
to the gram-atom standard by dividing the heat evolved (nU) on the 
solution of the thallium in cadi case by the fraction (n) of a gram- 
atom added. 

't AMLK XII 


% 


Hi at of Silulioii .1 C.ram Atom of Thallium in Amalgams 


Tl in sm 

\ver»k* '< 11 

if IV • Heat evolved m Uiuoiviug 

s>tve aroaliifim' 

dunrt each Addition 

one i’i.1 in utoni of T] so amalgam 

H 7?» 

9 £ 1 

— JJ 

10 86 

13 0-5 

— 77 J 

IS 24 

17 u 

—1614 

19 4; 

-M SK 

— 2J2I 

f >5 

-5 55 

- 1711 

‘1 45 

.19 16 

-30.16 

,V> 87 

U t>5 

J.JIO 

J4 4J 

}(> 26 

- 3670 

j8 09 




The average values from the middle column are plotted in relation to 
the heat values from the last column, in the accompanying graph (Fig. jo). 
The points do not lie on a perfectly smooth curve, but in drawing the 
curve the effort of compromise was made to distribute the errors by 
making the divergent points about equidistant from a reasonable locus. 
The error of the most divergent point is about 7% of the value; none of 
the other errors exceeds 5%. Although the accuracy leaves much to 
be desired *—“*—-* -— 11 - ‘ 
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to illustrate the principles involved, and is therefore much better than 
nothing. 

These values may be looked upon as containing separate factors; first, 
the heat absorbed when the solid melts or dissolves to form a saturated 
solution, and secondly, the heat evolved when the saturated solution 

becomes diluted to the 
resulting amalgam. 
When the dilution is 
great, the positive ef¬ 
fects os erbalance the 
negative and the net re¬ 
sult is the evolution of 
heat, as seen at concen¬ 
trations below 9 6% 
Since thallium in¬ 
creases greatly in heat 
capacity on amalgama 
tion it is evident that 
the thermal values given 
in the preceding table 
T. is W~ n so 35 M (XII) are subject to 

Fig 10 —Heat of solution of a gram atom of thallium considerable change 
in thallium amalgams Absciss is indicate percentage vuth temperature Bc- 
composition of amalgams cause the specific heats 

of the several amalgams are known, as well as the specific heat of 
thallium, this change is easily calculated by Kirchhoff's equation, in 
a manner analogous to that employed in the heats of dilution of thallium 
amalgam. For example, 100 g. of a 28% amalgam, on the addition of 
4 g. of thallium produces 104 g of a 30 77% amalgam The heat capacity 
erf the weaker amalgam and of the thallium separately aggregates 15 87 
mayers; that of the concentrated product, iC 03 roayers. The gain in 
heat capacity corresponding to 4 g of thallium is therefore o. 16 mayer. 

This, divided by n, the atom fraction, gives 8 16, which is AK — — . 

AT 



Three such results, all calculated from the smooth heat capacity curve 
(Fig. 6) are given below The composition of the concentrated amalgam 
is represented by a; that of the dilute amalgam by b; K t signifies the heat 
capacity of a gram of thallium 

At first sight tliis table seems to 1 >e simply a repetition of that record¬ 
ing the solution heat capacity of one gram of thallium, with the heat 
capacity of the original thallium itself not included, and indeed it would 
be easy to show that the two tables are entirely parallel, representing, as 
they do, very similar phenomena. But they are not exactly alike, the 
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earlier one records the gain iu heat capacity when thallium is added to 
mercury, whereas the table just given records the gain in heat capacity 
when thallium is added to a thallium amalgam. 

Table XIII 


b 

a 

Mean. 

\U T 1 
bdtlid 

Kiiei m 
KiWi 

Ki TP\ 

iK " AX 

MJ 

AT 

40 00 

43 ,11 

41 16 

4 

l6 I <i 

16 14 

O 15 

7 G 

28 00 

30 77 

29 39 

4 

IS 37 

lit O} 

O. l6 

8 2 

18 00 

21 15 

19 58 

4 

>5 52 

I s , 7 t-> 

r> 18 

9 2 

10 00 

13 

11 71 

4 

15 13 

IS *-7 

O 22 

II 2 

.S oo 

8 65 

f> 83 

4 

1 } 81 

Jy I f 

0 26 

13 3 


The present table shows even more clearly than the other that the in¬ 
crease in heat capacity on adding thallium decreases as the concentration 
increases. The outcome is interesting in showing the large tempera¬ 
ture coefficient, varying from 7 6 to 13 3 joules per degree, shown by 
the amalgamation of thallium, as well as the very considerable difference 
in heat capacity which must be suffered when thallium is transferred 
from a more concentrated to a more dilute amalgam, as during the opera¬ 
tion of the amalgam cells under consideration. This last quantity is 
shown by the difference between the successive figures in the last column 
of the preceding table. The exhibition of tins difference represents the 
main use of the table, and will lie treated in detail later. Since the main 
comparison iuvolved in the present work is made at 30 the other possi¬ 
bilities of the table need not be discussed. 

The Calculation of the Total Energy Change Involved in the CelL 
The total energy change ( l' of the equat ion of Helmholtz) involved in 
the cell has already been calculated from the temperature coefficient of 
the electromotive force. U is also to be found when the values given in 
the last column of Table XII, and plotted in Fig. 10, since the difference 
between any two of these values must give the heat of transfer of a gram 
atom of thallium from one to the other of the corresponding amalgams 

(1. e., U --). 

Ml w, 

Besides these two methods, yet a third method of calculating this quan¬ 
tity U exists, depending upon the heat of dilution of thallium amalgams 
with pure mercury. Formerly the assumption has often been made 
that the heat evolved in diluting an amount of amalgam containing a 
gram equivalent of dissolved metal is identical with the heat of transfer 
of the aforesaid gram equivalent between the initial and final amalgams. 1 
This is far from being the case; indeed, the former is only about half of 
the latter. The presence of some sort of inconsistency here was recog- 
* See for example Cady, J. pkjis. Chrrn , 3, 56? (1898). Cady's actual measure¬ 
ments of the heat of dilution of sodium amalgams mn«* - 
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nized in the earlier Harvard papers, and therefore the heats of dilution 
were rejected, without, however, attempting to discover its reason. In 
the sequel, the situation is fully explained. 

When mercury is added to a liquid thallium amalgam, two processes 
occur simultaneously; first, some of the thallium is taken from the mer¬ 
cury originally present; second, this thallium is (at the same instant) 
dissolved in the new pure mercury. Only the first of these processes is 
parallel with anytliing that happens in the cell under consideration, since 
the cell has nothing to do with pure mercury. 

Clearly, in order to calculate the heat-effect m the cell from the heat 
of dilution, the second of these two simultaneous processes must be elim¬ 
inated. This may easily be done by causing two different concen¬ 
trated amalgams to be diluted separately to the same final condition. 
Then, by multiplying each of the two heat values, thus found, by an 
appropriate factor corresponding to the amount of thallium transferred 
(so as to transform each into a value corresponding to the transfer of a 
gram-atom of thallium), two results are obtained which involve the forma¬ 
tion of exactly the same amount of dilute amalgam made from newly 
added pure mercury. By subtracting these two values, the second of the 
two simultaneous processes is thus entirely eliminated- The difference 
between them becomes simply equal to the heat of transfer of a gram-atom 
of thallium between amalgams having compositions represented by the 
average compositions over the two respective ranges of dilution. 

Since the problem is somewhat unusual, it may profitably be exempli¬ 
fied by a specific case. 

In any given dilution let a equal the per cent, of thallium in the initial 
concentrated amalgam, b equal the per cent, of thallium in the resulting 
dilute amalgam, and x equal the amount of mercury added. Then 

a b . 100 a _ (100 — a) + x 

- = —, and x --100 Further, -- - -«■> 

100 + * 100 b (jqo — a ) 


1 + 


ioo(a — b) 


c, (in which c : 1 is the ration of the total amount of 


(100 — a)b 

mercury to that originally present); and the amount of thallium transferred 

' ' D 


must be the fraction --- or ( l -°°^ a ■ 

100 




■t) 


1 of a gram-atom, if the heat 


of dilution is calculated for the total amount of a gram-atom present. 
Hence this heat of dilution divided by the atom-fraction - 1 gives the 


amount of heat involved in the transference of a gram-atom of thallium 
from the more concentrated amalgam into mercury, under such condi¬ 
tions that the product possesses the concentration of the more dilute 
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carried out for the dilution of two concentrated amalgams, to the same 
final concentration, and the heat-effect for each transfer is calculated 
for a gram-atom. In practise it is not necessary to calculate the values 

of x and c, since the fraction --- may be expressed entirely in terms of 

c 

a and b, as indicated above. As already stated, subtraction of the one 
result for the gram-atom from the other gives the heat of transfer from 
a solution corresponding to the average concentration over the first 
range to that of a solution having the a\ erage concentration over the second 
range. The detailed steps of the calculation for the two ranges, 40% 
to 30% and 35^ to jo" - ; follow, as an example of the method of calcula¬ 
tion. 



C, H* per 

Table XIV 

* « *r 


t >b>-crved 

Heat of 411*0 

Composition 

100 K 

mercury 

Pihitiou 

heat of 

per g -atom 

V 
/r> 

'a run! gam 

added 

factor 

dilution 

of thallium 

a 40 0 

b <e 30 0 

<10 <) 

70 l) 

33 31 

■ 5555 

740 

3072 

«' «* 35 0 
b ’ -- 30 0 

r>5 n 

;n it 

l6 67 

1 

.JOO 

6 

1959 

* ”3 


Algebraically, if q and r represent, respectively, the heat of removal of a 
gram-atom of thallium from the two concentrated amalgams, and m the 
heat of adding tins thallium to mercury (the same in each case), then 
q + m = 2072 and r -f m = 1959; subtracting, 9— r = U = 113. 
Thus although we do not know, and have no means of knowing any 
one of the quantities q, r, and tn individually, we are able to determine 
q —r definitely. The result q — r = U = 113 joules represents the 
heat evolved when a gram-atom of thallium is transferred from an aver¬ 
age concentration of 35% to an average concentration of 32.5%, the re¬ 
spective means (that is ‘/,(a -f 6), and ‘/j(o' + b')) of the two ranges 
involved. 

From the succession of pairs of values obtained in this way, step by 
step, the curve labelled SD in Fig. 11 was built up. 

It is of course true that the curve SD, Fig. 11, thus produced does not 
exactly represent the true values, since it is rather made up of a series 
of straight lines than a strictly continuous curve. It is, however, very 
near the real curve, which would lie slightly above it (nearer to the curve 
H), and is probably accurate within the limit of error of the experiment 
Greater accuracy could be attained by taking shorter intervals and more 
points, but this extra trouble is not warranted by die precision of the 
present experimental work. 

Since this curve cannot be continued to infinite dilution, its origin must 

he found bv K,,. tvir .t- h mnMu. -I-"- 
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It should, of course, coincide with the values for U gnen by the Helm¬ 
holtz equation (curve H, Fig. 11), and for great dilutions the latter is 

doubtless more accurate 
than the former can be 
Therefore, instead of 
attempting an extrapo¬ 
lation, the curve I) was 
started on the curve 
gn mg the values for the 
Helmholtz equation at 
about 8% amalgam 
J11 order to show the 
degree of consistency of 
the ^ methods of calcu¬ 
lating U, namely, from 
the heat of solution of 
thallium on the one 
hand, from the heat of 
dilution of thallium 
amalgam on the other 
hand, and from the 
Helmholtz equation (see 
page 1761), the follow¬ 
ing table is given, exhibiting \ alues taken (as regards the first two methods; 
from curves plotted on a much larger scale than the appended diagram 


Per, cent, Thallium 
» a ~ y> 


“35 


Fig 11 —Heat of transfer of a gram atom of thallium from 
one amalgam to another of difTermt concentration 
Curve S, as calculated from the heat of solution of thil 
lium, Curve D, as calculated from the heat of dilu 
tion of thallium amalgam, Curse H, as calculated 
from the Helmholtz equation Curie It e 1 u s the heat 
of dilution 


Tabu \\ 

Heat HlTret 111 Cell ( V) 
lln loults I er f.r Atom of ’ll Transhrud 


• I 

n 

III 

IV 

Cone m cJI 

0 3315 - r 704 
O 1704- 3 yS8 
3 788 - 4 9^ 

Pound from heut 

Found from hejt of 

CalcuJftUhd from 

of solution of Tl 

dilution of amalgams 

Helmholtz equation 

470 

696 

370 

4 g^o -10 02 

1440 

1420 

1449 

10 02 -17 05 

1530 

1400 

*44 5 

17 05 -21 02 

62 5 

570 

J68 

20 97 -27 36 

7 <la 

647 

631 

27 36 -34 03 

460 

400 

38 S 

34 03 -42 86 


24O 

361 

Sum, 4 93 42 86 


4677 

4739 

The values in Col 

II have a large probable error, 

and are valuable 


only as a general confirmation of the others. The values in Col. ITT are 

mAro fniefwnrlliv qw/ 4 flirtca r\r __ 1 « « « 



CONCHNTRATKD THALLIUM AMALGAMS. 


I 7<55 


Since the agreement of Cols III and IV is within tbe limit of the 
series of experimental errors of the two columns, evidently the Helm¬ 
holtz equation is confirmed in its application to these amalgam cells, 
taking account of the fact that the thermal effect to be considered is the 
transfer of thallium from a concentrated amalgam of definite concentra¬ 
tion to an equally definite more dilute amalgam. 

The Freezing Points of the Amalgams. 

One other phenomenon which throws light upon the behavior of thallium, 
and therefore upon the nature of the solutions in mercury, deserves con¬ 
sideration, namely, their irregular treezing-point curve. There can be 
no doubt that these freezing points, through eutectic and dystectic breaks 
in the curve, indicate the existence of a solid compound. The work of 
Kurnakow and Puschiu 1 seems to show a compound of the composition 
TIHgs, but our experience (communicated la?low) indicates rather the 
formula Tl«Hgs. Some years after our determinations were made, but of 
course entirely independently, since our results had not been published, 
Roos 1 published results similar to ours. 

Table XVI 

% T1 by weight Atomic % Temp <A (reeling; 6 C 

1913. Virvt Senes (.Small Quantities \ 


♦I 8 

43 1 

+ 1 <■ 

3* 8 

38 3 

5 3 

34 0 

33 5 

12 O 

31 7 

O 3 

>3 9 

2 !) 1 

28 7 

M 9 

2(1 4 

2 <> O 

14 3 

14 3 

33 8 

12 3 

19 5 

19 3 

3 0 


1913 Second Senes (Small Quantities ) 


3<i 5 

36 O 

9 1 

34 4 

M 9 

11 7 

3' 5 

3* 1 

14.! 

29 0 

28 ft 

14 8 

IS 4 

25 0 

13 2 

23 8 

-3 4 

U 5 

30 0 

19 7 

4 0 

1914. Third Series 

1 Ik't'kmaim Fret zing • Point Apparai 

* 40 90 

40 47 

+0 9* 

38 8.3 

38 37 

5 9* 

37 19 

36 71 

9-S* 

32 63 

34 3* 

U .8* 

27 .60 

27 34 

14 -3 

JO.C>3 

20 51 

5-7 

18 27 

17 97 

—1> 9 

16.92 16.65 

* Kurnakow and Pusehin, Z. armrg, Ckem., 30, 86 (1903). 

* Roos, lbi 4 „ 94, 358 (1916); C. A., 10, 1479 (1916)- 

-6.5 


t tn tVoian * 



TllKODOkK W. RICHARDS AND FARRINGTON DANlKI.S. 


170(i 


In 1913 crude experimenti were performed with concentrated amalgams 
from the electromotive force experiments. A small glass bulb contain¬ 
ing the amalgam was slipped over the thermometer bulb and tightly held 
with a rubber ring. The thermometer was read when the amalgam started 
to freeze upon being plunged into cold water. After complete solidifica¬ 
tion the bulb and thermometer were removed from the cold bath and the 
instrument was read again as the last portion of the solid amalgam was 
disappearing. With each amalgam several trials and successive readings 
were made. Successive portions of mercury were added and the process 
repeated again and again. 

A year later further experiments were made, using a Beckmann freezing- 
point apparatus with large quantities of amalgams from the calorimetric 
determinations. These confirmation determinations are much more 
accurate than the preceding. 

In Fig. 12 these values are represented by small circles. The curve 
attains a maximum in the neighborhood of 28 5 atomic % of thallium. 
This dystectic point shows then that a compound of thallium and mer¬ 
cury is formed corresponding to the formula TljHg„. Convincing proof 

of such a compound lies in the fact that 
amalgams of approximately this composi¬ 
tion gave a sharply defined melting point 
and remained stationary at this tempera¬ 
ture (14 9°) during the whole time of 
freezing All other amalgams (includ¬ 
ing those (corresponding to TIHgt) or 
33.3 atomic ( ' ( ) gave ill-defined freezing 
points, which changed during solidifica¬ 
tion. For instance, the 36.71% amal¬ 
gam started to freeze at 9.5°, but was 
not completely solid even at 5.0°. Solid 
amalgams of approximately 28,5% con¬ 
sisted of perfect crystals, while all the 
Fig. 12—Freezing points of thallium °tb e T amalgams gave ill-defined crystals. 

amalgams Dotted curve indicates Tliis is to be taken as further evidence 



results Of Kumakow and Fuschin. of the existence of a compound TUHgi. 
Abscissas indicate atomic %. (In ,i~„u■ t 4 - 

« JLne double circles represent freezing 

all other diagrams abscissas indi- . ^ * 

cate per cent by weight ) points ds determined frotn the electro¬ 

motive force measurements, being the 
breaks in the curve already illustrated in Fig. 3. Freezing points at 40 
30° and 20° were found, respectively, to be at 45 8, 44.5, and 43.3%- 
This line extrapolated crosses the curve of the freezing point of the 
weaker amalgam at about 40.8%, the temperature being about 0.5 and 
*k«ic crivintr a whollv consistent meture. 
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The dotted line in Fig. 1 2 indicates the freezing points of thallium amal¬ 
gams as determined by Kumakow and Puschin. 1 This curve shows a 
maximum of 150° at 33'/ 3 % instead of at 28.5V0 and seemed to its 
authors to indicate the existence of the compound TlHgj. The eutectic 
point at 40% is likewise not in agreement with ours. Experimental de¬ 
tails arc not given and the cause of the serious discrepancy cannot be de¬ 
termined. Certainly the purity of the materials in the present research 
is beyond question, and the fact that our electromotive-force measure¬ 
ments (Fig. 3) gives a perfectly regular curve shows that the concentra¬ 
tions must l>e correctly known. Cohen and Inouye* have repeated 
Puschin’s work on the zinc amalgams and found it considerably in error, 
and they suggest that his work on other metals may be in need of revi¬ 
sion. The erroneous freezing-point curve for thallium amalgams has been 
copied in a text-book 3 as an example of the indication of a compound 
(TIHgj) by a dystectic point. 

The conclusion that the formula of the solid compound is really TUHgs 
is of interest as regards the constitution of the liquid amalgams, because 
it shows that thallium lias a tendency to form diatomic molecules. If 
diatomic molecules thus exist in the solid state, it is not unreasonable to 
believe that the same tendency may exist in solutions. 

Conclusion. 

Thus a great variety of data concerning the nature of thallium amal¬ 
gams has been provided, and some of the essential thermodynamic rela¬ 
tions between these phenomena have been pointed out. The more de¬ 
tailed hypothetical analysis of these varied data is capable of furnishing 
much light on the nature of amalgams as well as on the nature of solutions 
in general; but this is a large subject, involving the discussion of bicom¬ 
ponent systems in its widest bearings, and is reserved for a later paper, 
now almost ready for publication. 

We are much indebted to the Carnegie Institution of Washington for 
financial support in this investigation, and to Dr. W. C. Schumb for as¬ 
sistance in the manifold and time-consuming calculations involved. 

Summary. 

In thi? paper the following contributions to the experimental study of 
thallium amalgams have been made: 

1. The electromotive forces between amalgams ranging from 0.33% 
to saturation (over 40%)) have been measured within a few microvolts, 
at so 0 , 30°, and 40°. These potentials are far greater than those de¬ 
manded by the simple concentration law. 

1 Kumakow and Puschin, Z. an«rj>, Chrm., 30, 86 1,1903). 

* Cohen and Inouye, phys. Chem., 71, 627 (19m). 

* Findlay, "The Phase Rule," d. aas. Lanmnnin C.n^n ■>««< w„ v— l. /-' 
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2. The temperature coefficients of the electromotive forces of these 
amalgams have been computed from these results. These temperature 
coefficients are less than the requirement of the gas law, and vary as 
the concentration increases. 

3. The densities of the liquid amalgams and the solution volume of 
thallium in mercury have been determined over the whole range. The 
solution volume is remarkably constant, varying only from 17.47 to 
17.51, but is somewhat in excess of the specific volume of thallium, 
17.21. Thus thallium expands on amalgamation. 

4. The coefficients of expansion of the various amalgams were com¬ 
puted from these results. They diminish with increasing concentration. 

5. The heat capacities of the amalgams were determined by a some¬ 
what new method over the whole range. They were found to be distinctly 
in excess of the sum of the heat capacities of the thallium and mercury 
taken separately; that is, the “solution heat capacity” of one gram of 
dissolved thallium is greater than the heat capacity of one gram of solid 
thallium. This excess is greater in dilute than in concentrated amal¬ 
gams. 

6. The heats of dilution of thallium amalgams with mercury at 20° 
were determined over the whole range of concentrations. With the help 
of the heat-capacity values these results were corrected to 30° (and ap¬ 
proximately to 325°). 

7. The heats of solution of thallium in mercury and in thallium amal¬ 
gams of increasing concentration were measured. 

8. Although the heat of dilution of thallium amalgam is a very differ¬ 
ent effect from the transfer of thallium from one amalgam to another, 
one of these effects can be computed from the other. The necessary 
steps are indicated. 

9. It is shown that, within the limit of error of the experiment, the 
heat effects in the cells of which the electromotive forces were measured 
may be computed from either the heat of dilution of the amalgams, or 
the heat of solution of thallium in the amalgams, or the temperature co¬ 
efficient of the electromotive force—each of these 3 methods giving es¬ 
sentially identical results within the limit of error of the experiment. 

10. The freezing points of amalgams from 16 to 45 atomic % were re¬ 
peatedly determined, and were found to give a curve indicating conclu¬ 
sively the existence of the solid compound T)>Hg B . 

11. The single potential of pure electrolytic thallium was found to 
be about 2.5 m. v. more negative than that of saturated thallium amalgam 
at room temperatures. 

CumiMi, Miss. 
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ICoNTRimmoN FROM THE DEPARTMENT OF CHEMISTRY, CORNELL UNIVERSITY. ) 

BEHAVIOR OF THE HYDRONITROGENS AND THEIR DERIVA¬ 
TIVES IN LIQUID AMMONIA. VI. ELECTROLYTIC NI¬ 
TRIDATION OF VARIOUS ANODES IN A SOLU¬ 
TION OF AMMONIUM TRINITRIDE.' 

By A. W. Browne, M R Holmes and J S King 
Received August It, 1919. 

Attention has already been called by investigators in this laboratory 
to the similarity that exists between the peroxides and the pernitrides, 
and between the processes of oxidation and nitridation. 1 Turrcutine 3 
has adduced evidence in support of the view that hydronitric acid is a 
nitridizing agent, analogous in both structure and behavior to nitric acid. 
Welsh' has shown that sodium hydrazide probably undergoes ammonol- 
ysis in liquid ammonia, with formation of sodium amide, ammonia, and 
nitrogen, just as sodium peroxide undergoes hydrolysis in water, with 
formation of sodium hydroxide, water, and oxygen. 

In the fifth article of the current series were recorded the results of an 
investigation upon the behavior of a solution of ammonium trinitride in 
liquid ammonia when electrolyzed between platinum or graphite elec¬ 
trodes. From this work it may be concluded that under suitable condi¬ 
tions either nascent nitrine, N s , which at once breaks up into molecular 
nitrogen, or nascent nitrogen, N, can be liberated at the anode. It has 
been the purpose of the present investigation to ascertain whether or not 
nitridation of certain metallic anodes will take place, under similar condi¬ 
tions, with formation of the corresponding metallic nitrides or pernitrides. 
Anodes of copper, silver, cadmium, aluminum, lead, antimony, iron, and 
nickel were employed in the experiments to be described. 

Apparatus and General Procedure.—The H-tube described and 
figured in Article V 6 of this series was used throughout the greater part 
of the work. This cell was provided with two electrode tubes, as before, 
for the collection of gases liberated during electrolysis. Through the 
anode tube, however, instead of the slender wire attached directly to 
the platinum electrode, was fused a short piece of heavy platinum wire, 
terminating on the inside of the tube in a flattened hook into which the 
bent-over end of an electrode could readily be drawn so as to give a satis¬ 
factory contact. The cathode used with this apparatus consisted of a 
piece of smooth platinum foil 2 cm. long and 0.5 cm. wide. 

1 For the earlier articles of this series see This Journal, 33 , 1738 - 34 . 1734 - 43 , 
'74*-3J (1911); 35i 649-58, 672-81 (1913). 

* See Browne and Welsh, Ibid , 33, 1728 {1911); Goldberg, Ibid , 34, 886 (1912). 

* Ibid., 34, 385-7 (1912). See also Turrentine and Moore, Ibid., 34, 375-382, 
382-384 (1912). 

* Ibid., 37, 497-308 {1915). 
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At the beginning of an experiment the carefully cleaned, dried, and 
weighed anode was suspended in the tube. The electrode tubes were 
then set in position in the cell, into which had been placed 1.000 g. of 
pure ammonium trinitride. After the air had been displaced with pure, 
dry ammonia gas, 36 cc. of liquid ammonia was condensed in the appa¬ 
ratus with the aid of solid carbon dioxide and alcohol, and the solution 
was thoroughly stirred. The gases libe r ated during electrolysis were 
collected, transferred, and analyzed in the usual way. Immediately after 
the completion of the electrolysis, which was conducted at a temperature 
of about —67°, the anode was quickly detached, was cleansed from 
adhering deposits, in case any were formed, and was washed, dried, and 
weighed in the usual manner. The cell was finally allowed to warm up 
to room temperature, and the residual solid obtained by evaporation of 
the liquid ammonia was subjected to further tests as outlined below. 

Details of the Experiments.—The principal numerical details of the 
individual experiments are recorded in the table Additional results are 
appended in the paragraphs that follow. 

Table I 





Couloni 

Etectro- 

Nitrogen 

Hjdrojfin 
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cter 

chtrm 

evolved 

evolved 

wt 

cur¬ 
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Anode 

cath 
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at anode 

at cathode 

hydro 
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of 

Anode 
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gam 
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^ corrected) 

icorrect d) 
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expt. 
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G 

G 
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Cc G 

G 
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O 
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O 

0645 

147 

4 
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O 
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9 
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O 

0990 

O 
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9 
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23 

44 

0 
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O 

00218 
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O 

1274 

O 

0916 
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1 
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22 

50 

0 

00202 

O 

1x1290 

73 
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O 

2664 

O 

0775 
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3 
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39 

30 

0 

002 72 

O 

00346 
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O 
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0 

0452 
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0 
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25 
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O 

■451 

0 
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86 
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Expt. 1. —The anode consisted of a strip of sheet copper 2 cm. long 
and 0.5 cm. wide. Before the circuit was closed the cell was allowed to 
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suffer chemical corrosion when allowed to rest in contact with the elec¬ 
trolyte. No such corrosion was found to take place. As soon as the 
circuit was closed, however, a distinct blue coloration was observed in 
the neighborhood of the anode, and before long a layer of deep blue 
solution had accumulated in the bottom of the anode compartment. 
The anode was partly coated with a black deposit. 

Expt. 2.—The deep blue solution remaining after the completion of 
the electrolysis, which was carried out under conditions similar to those 
prevailing in Expt. 1, was allowed to warm up until the liquid ammonia 
had completely vaporized. The solid residue was treated with water, 
and the light green precipitate resulting from hydrolysis of the copper 
salt was removed by filtration. No indication of the presence of hydra¬ 
zine, the formation of which during the electrolysis bad been regarded 
as at least remotely possible, was obtained when the filtrate was treated 
with Fehling’s solution. The light green precipitate was thoroughly 
washed with water to remove the ammonium trinitride, and was then 
treated with a solution of ferric chloride. The deep red coloration indi¬ 
cated the presence of the N, group in the solid, which was undoubtedly 
a basic copper trinitride. 

Expt. 3.—A copper anode having a surface (on one side) of 3.25 sq. 
cm. was used in this experiment. After an exposure of 3 hours to the 
action of the electrolyte before the current was passed through the cell, 
the anode seemed to have undergone a very slight chemical corrosion, 
as indicated by the appearance of a faint blue coloration in the anode 
compartment. 

Expt. 4.—The same electrolyte was used in this as in the preceding 
experiment. The anode was removed and weighed, and then returned 
to the cell with suitable precautions to avoid the introduction of mois¬ 
ture. After completion of the electrolysis, which was continued for about 
an hour, the cell was allowed to warm up to room temperature. The 
solid residue, which contained ammonium trinitride and the copper salt 
formed as the corrosion product, was treated with water, which readily- 
dissolved the former, but only slightly dissolved the latter constituent. 
Th<j solution was decanted from the dark green crystals, which were 
then dried on filter paper without further washing, and were preserved 
for subsequent examination. Treatment with water was found to result 
in immediate hydrolysis, with formation of the light green basic trini¬ 
tride 1 to which reference was made in connection with Expt. 3. On the 
other hand, treatment of the basic trinitride with ammonium trinitride 
caused a reversal of the hydrolytic action, with formation of the dark 
green crystalline product, which ultimately went into solution completely. 
For example, 0.06 g. of the dark green salt was treated with 3.7 cc. of 
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water. The light green precipitate thus formed was changed back by 
0.3 g. of solid ammonium trinitride. When treated under similar con¬ 
ditions with ammonium chloride the precipitate did not redissolve. The 
presence of bivalent copper, of N 3 , and of ammonia, in samples of the 
original dark green crystals was established by the usual tests. The 
crystals were insoluble in water, but were soluble in dilute adds. They 
were found to explode with a loud report when heated. The amount of 
material obtainable was not sufficient to permit more accurate determina¬ 
tion of its decomposition. From qualitative tests, however, it would 
seem to be either an ammonated cupric trinitride, 1 such asCuN».2NHa, or 
possibly a cupric ammonium trinitride. 

It will be noted from the data given tu Column 5 of the table that in 
Expts. 1 to 4 the anode corrosion efficiency is considerably above 100%, 
as calculated on the basis of the ratio Cu. 2N3. In the absence of appre¬ 
ciable chemical corrosion this indicates that formation of cuprous tri- 
nitride, CuNj, must have taken pace to some extent. 2 

Expt. 5.—The silver anode used in this and in the following experiment 
was 0.75 cm. wide, and was immersed to a depth of 8 cm. The electrol¬ 
ysis was continued for 30 minutes. As was usual in these experiments, 
the corrosion took place chiefly at the lower end of the electrode owing 
to the special construction of the cell, which was designed so as to permit 
the collection of the gases liberated at the electrodes. After completion 
of the electrolysis the anode was removed and reweighed, and was again 
inserted in the cell, in preparation for the next experiment No evolu¬ 
tion of gas, change of color, or formation of a solid deposit occurred at 
the^ anode. A heavy deposit of metallic silver gradually accumulated 
upon the cathode 

Expt. 6 .—The electrolysis was allowed to proceed for 30 minutes 
under conditions the same as those prevailing in the preceding experiment. 
The deposit of metallic silver on the cathode extended outside of the 
electrode tube, making it impossible to collect the gas quantitatively. No 
gas was evolved at the anode, which could be seen to undergo rapid 
electrolytic corrosion. The solid residue obtained after evaporation of 
the solvent and removal of the soluble ammonium trinitride by treat¬ 
ment with water, was found to consist of silver tricitnde. The electro¬ 
chemical efficiency has been calculated on the theory that AgNj was the 
sole product of corrosion m this case. 

Expt. 7. —The cadmium wire which served as the anode in Expts. 
7 and 8 extended to a depth of 8 cm. below the surface of the electrolyte. 
No corrosion was observed to take place before the circuit was dosed. 
The electrolysis was carried on through a period of 40 minutes, during 

1 Dennis and Isham, This Journal, 29,19 (1^07). 

« -/ nriLi_ j rr. 


r 
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which no evolution of gas took place at the anode. A heavy, white de¬ 
posit was formed at this electrode, however, and a slight deposit of black 
material, probably finely-divided metallic cadmium, appeared at the 
cathode. 

Expt. 8. —In continuation of Expt. 7 the electrolysis was conducted 
until the cathode deposit extended lieyond the cathode tube, making 
impossible the quantitative collection of the gas liberated at the cathode. 
The white anode product was found to be stable in the air at ordinary 
temperatures, but was found to explode when heated. Treated with a 
solution of ferric chloride it showed the usual red coloration indicative of 
the presence of the trinitride ion. After it had been washed with water 
until the filtrate no longer gave evidence of this ion, a residue was ob¬ 
tained which contained Nj and which exploded on heating This was 
soluble in hydrochloric acid, in hydronitric acid, and in ammonium tri¬ 
nitride solutions, and the resulting solutions yielded cadmium sulfide 
when treated with hydrogen sulfide. The anode product was probably 
either an amnionated cadmium trinitride, or an ammono-basic cadmium 
trinitride formed by ammonolysis of the original CdN, quantitatively 
produced by the action of Nj upon the metallic anode. 

Expt. 9.—A thin sheet of aluminum 0.75 cm. wide was employed as 
the anode. This was immersed to a depth of 8 cm. in the electrolyte. 
The electrolysis was allowed to proceed for two hours, during which a 
bulky, yellowish brown deposit accumulated at the lower end of the 
anode. On the upper part of the anode a very firm and coherent black 
coating of somewhat iridescent appearance was formed. This was pre¬ 
sumably of identical composition with the yellowish deposit, but of very 
different physical form and compactness. The deposit was found to be 
non-explosive, and to contain no Nj. It was insoluble in water, but dis¬ 
solved readily in a solution of sodium hydroxide. The resulting solution 
yielded flOccident aluminum hydroxide when boiled with ammonium 
chloride. 

Expt. 10. —The electrolysis was effected under conditions similar to 
those prevailing in the preceding experiment. The residue obtained after 
vaporization of the liquid ammonia from the electrolyte was washed on 
the filter with successive 10 cc. portions of water, and the filtrate was in 
each case treated with ferric chloride. The ammonium trinitride was 
completely removed by the first 3 washings and in subsequent portions 
of the wash water no indications of Ns in appreciable amount was ob¬ 
tained. The residue was found to be non-explosive, and to contain no 
N». It was found by the usual tests to be al umin um hydroxide. 

Expts. 11 to 14. — For use in these 4 experiments a larger electrolytic 
cell was constructed, in which no provision was moH» f«r 
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could be prepared in larger quantity, and under conditions of lower and 
more nearly uniform anode current density. The product was obtained 
in the form of a fairly compact, though brittle, scale usually of an irides¬ 
cent steel blue or black appearance. On the back of the electrode, where 
the current density was very low, a thin, coherent black coating identical 
with that described under Expt. 9 was deposited. This coating could be 
removed from the metal only with considerable difficulty 

A curious phenomenon was observed in two cases during the removal 
of the loosely adherent scale from the front side of the anode. Almost 
immediately after the material was first exposed to the air, a spontaneous 
evolution of heat took place, accompanied by the appearance of a small 
quantity of smoke-like fumes. For the reason that this product is un¬ 
stable in the air, no definite conclusion can be reached concerning its 
composition on the basis of the work herein described. Further work upon 
this problem has been carried out by other investigators in this laboratory, 
whose results will be published in the next article of the current series. 

After the electrolysis had been in progess for some time, a deposit 
began to form upon the cathode in each of these experiments. This was 
originally of a dark appearance, but it faded to a dull gray color after the 
ammonia had been allowed to vaporize from the cell 

Expt. 15.—The anode consisted of a strip of sheet lead 1 .5 cm. wide. 
This was as usual immersed in the electrolyte to a depth of 8 cm. The 
duration of the electrolysis was for 30 minutes. No gas was evolved at 
the anode. A dark, loosely-adhering solid was formed at the anode, and 
a deposit, presumably of metallic lead, accumulated upon the cathode. 

Expt. 16.—The material deposited upon the anode during this ex¬ 
periment, in which the conditions prevailing in Expt. 15 were duplicated, 
was found to explode on heating. It dissolved slightly in cold, and quite 
readily in hot water. The solution showed the characteristic reactions 
of lead salts and of trinitrides. The conclusion that the deposit consisted 
of lead trinitride, PbN«, was substantiated by the calculated corrosion 
efficiency, and by the absence of any evolution of gas at the anode. 

Expt. 17.—An antimony rod 0.5 cm. in diameter extending 8 cm. 
into the solution was used as the anode in this and the following experi¬ 
ment. The electrolysis covered a period of 30 minutes. No gas was 
evolved at the anode. A yellow solid was deposited upon the anode, 
and dropped from it at intervals. 

Expt. 18.—The electrolysis was in this case continued for one hour. 
The yellow product that accumulated upon the anode was found to ex¬ 
plode cm heating. A portion of this solid was washed upon the filter 
with successive 10 oc. portions of water. Hydrolysis took place, with 
the result that hvdronitric add was found in the filtrates, while the color 
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to be non-explosive, and to contain no Nj. When dissolved in hydro¬ 
chloric acid this material showed the characteristic reaction of antimony 
compounds toward hydrogen sulfide. The anode corrosion efficiency 
was calculated on the assumption that antimony trinitride, SbfN s ) s , was 
formed at the anode. 

Expt. 19.—An iron anode made of 20 strands of piano wire woven 
together was employed in Expts. 19 and 20 It w'as immersed to a depth 
of 7 cm. in the electrolyte, and was allowed to stand for two hours before 
the circuit was closed. No evidence of chemical action was observed. 
As soon as the current was turned on, however, the deep red color of 
ferric trinitride appeared in the neighborhood of the anode. Gas was 
evolved at the anode, but not so rapidly as at the cathode. The electrol¬ 
ysis was continued for 80 minutes. 

Expt. 20.—The electrolysis was in this case allowed to proceed for 
105 minutes. The solution assumed a deep red color, and a small amount 
of a dark colored substance was deposited upon the cathode. This was 
soluble in nitric acid, and the solution obtained showed the character¬ 
istic tests for iron. Vaporization of the liquid ammonia from the deep 
red electrolyte resulted in the formation of a brownish red residue. This 
was found by test to be in all probability an ammono-basic ferric trinitride, 
the exact composition of which was not determined. 

Expt. 21.—A thin strip of nickel 0.25 cm. wide constituted the anode 
used in this and in the following experiment. This anode extended into 
the liquid to a depth of 8 cm. The electrolysis covered a period of one 
hour. Gas was evolved at the anode. A pink deposit gradually formed 
at this electrode, dropping off from time to time, and in part redissolving 
in the liquid, to which it imparted a decided brownish red coloration. 
The solid was found to explode on heating. On treatment with water 
the substance turned green, and gradually dissolved, forming a green 
solution, from which later a heavy green precipitate settled out. This 
precipitate was found to be explosive, and to contain nickel and N*. It 
was undoubtedly a bask nickel trinitride formed by hydrolysis of the 
nickel trinitride, or possibly ammono-basic nickel trinitride formed in the 
cell. 3Phc washed residue differed from the original deposit in that it 
was insoluble in water and in ammonium trinitride solutions. 

Expt. 22.—-The electrolysis was continued over a period of 74 minutes. 
The observations made were corroborative of those described in the pre¬ 
ceding paragraph. A very faint deposit was formed on the cathode in 
both of these experiments. 

Summary. 

In the present article are recorded the results of a series of experiments 
upon the behavior of various metallic anodes in a liquid ammonia sohi- 
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It has been shown that copper anodes undergo electrolytic corrosion 
to an extent indicating the formation of some cuprous trinitride, CuNj, 
with the cupric trinitride CuNa formed as the main product. No gas 
was liberated at the anode. 

With silver, cadmium, lead, and antimony anodes, the corrosion resulted 
in the formation of the normal trinitrides AgNj, CdTsh, PbN a, and SbN#, 
without liberation of gas at the anode. The corrosion efficiency as cal¬ 
culated on the basis of the quantitative formation of these compounds 
was found to be slightly in excess of 100%. This is probably not attribut¬ 
able to ordinary experimental error, but either to a slight mechanical or 
rhptnifal corrosion, or else to a tendency toward the formation of unstable 
compounds containing the metals in a lower state of valence. 

The aluminum, iron, and nickel anodes were found to undergo cor¬ 
rosion accompanied by liberation of nitrogen gas, as the result of which 
the efficiency fell far below 100%. The aluminum anode became coated 
with a bulky, pyrophoric scale of varying color and texture. Deep red 
ferric trinitride, FeN», was obtained in solution when the iron anode was 
employed, but this product was ammonolyzed, yielding an ammono-basic 
ferric trinitride. Upon the nickel anode a pink deposit, presumably an 
amono-basic nickel trinitride, was formed. 

Ithaca, N. Y. 


[Contribution from the Research Laboratory or the Midvale Steel and 
Ordnance. Company. ) 

AH ELECTROMETRIC METHOD FOR THE DETERMINATION 
OF FERROCYANIDES DEPENDING ON A CHANGE 
IN OXIDATION POTENTIAL. 

By G L. Kelley and R. T. Bohn. 

Received August It 5 , 1919 

In connection with some work in this laboratory, it became necessary 
to analyze potassium ferrocyanide solutions accurately. The oxidation 
of hydroferrocyanic acid by excess of iodine followed by titration with 
thiosulfate in the presence of alkali bicarbonate as proposed by Rupp 
and Scheidt 1 has been shown to be inaccurate. 1 Knublauch 3 titrates a 
sulfuric add solution of the salt with copper of zinc sulfate, using a ferric 
salt as indicator. Smith's electrolytic method 1 would not distinguish 
between ferro- and ferricyanide ion if such were necessary. DeHaen* 
titrated a sulfuric acid solution with permanganate, but the difficulty 
of determining the end-point in a yellow solution o£ ferricyanide is mani- 

1 J. Soc. Chem. Ind , 21, 1099 (1902). 

* Suttoo, Volumetric Anal., 10th Ed., p. 217. 

* Ibid., p. 219. 

* Electro-Analysis, jth Ed., 1913, p. 302. 
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fest. DeHaen recommends standardizing permanganate against pure 
potassium ferrocyanide. We could not use the hydrated salt for this 
purpose because of efflorescence, and when dried at 120°, even in a stream 
of dry carbon dioxide, decomposition amounting to 8 to 15 parts in 
10,000 occurred. Having observed that a sharp change in potential oc¬ 
curred during the titration of ferrocyanide with permanganate immedi¬ 
ately before the color of the permanganate appeared, we undertook the 
study of the end-point. 

The change in oxidation potential has lieen used by Crotogino 1 in 
titrating halogens with permanganate, by Hildebrand 2 in the titration of 
chromates, by Forbes and Bartlett in the titration of ferrous* and chrom- 
ous 4 salts, and by Kelley and others in the titration of vanadates,* chrom¬ 
ates,* and permanganates. 7 Crotogino, 8 using a platinum black elec¬ 
trode, observed that the potential of the cell Pt — K«Fe(CN)» — 
N HgiClj is 0.155 volt, while we observed the same cell to show a potential 
ranging from 0.20 to 0.41 volt, using a bright platinum electrode. The 
difference in the potential of the cell depends upon the nature of the 
solutions with which the electrode has been in contact, the amount of 
add present, and the temperature We believe the electrometric titra¬ 
tion of ferrocyanides to be new. 

Our apparatus consisted in part of a bright platinum wire which served 
as a platinum electrode, a normal calomel electrode connected with a 
reservoir solution to permit flushing the tip of the electrode, and a glass 
stirrer operated by a motor. These two electrodes dipped into the solu¬ 
tion which was to be titrated. The e. m. f. of this cell was balanced 
against a variable fraction of the e. m. f of a pair of dry cells. This was 
compared with a standard cell so that actual potentials for this cell could 
be read. A potentiometer manufactured by Leeds and Northrup was 
used for this purpose. It was possible to read 0.1 millivolt and to esti¬ 
mate to 0.01 millivolt. The weights, burets, and flasks were carefully 
standardized. 

To study the character of the end-point, we at first employed a 0.005 
N solution of permanganate and a solution of ferrocyanide of correspond¬ 
ing strength. As would be expected a gradual increase in potential 
occurs during the oxidation of ferrocyanide, due to the increase in con¬ 
centration of ferricyanide ion, but this does not interfere with the detec- 

1 Z. anarg. Chem., 24, 225 (1900). 

8 This Journal, 35,669 (1913). 

* Ibid., 33, 1327 (1913)- 

4 !Md., 39, 1143 (1917). 

* Ibid., 38, 341 (1916). 

* J. Irut. Eng. Chem., 8 , 719 (1916). 

7 Ibid., io, 19 (1918). 
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tion of the end-point, the appearance of which is attended by a large 
change in potential. This last change is due to the presence of perman¬ 
ganate ion. Table I shows such titration In the example given, per- 


T AH! u 1 
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manganate was added to the end-point, then in excess. The end-point 
was then found by adding ferrocyanide, followed by an excess of this 
solution. The end-point was taken as the point of greatest potential 
change in 5 minutes for each like volume of titrating solution added. 
The two titrations gave identical results, although differences of the order 
of 3 to 5 parts in 1,000 were sometimes noted, especially with the amount 
of sulfuric add used in this experiment. 

Having determined the nature and delicacy of the end-point, we pro¬ 
ceeded to work with stronger solutions, using for this purpose solutions 
of permanganate and ferrocyanide, which were approximately 0.05 N. 
One cc. of the permanganate solution by standardization against Bureau 
of Standards sodium oxalate was found to lie equivalent to 0.003373 g. 
of oxalate or 0.02127 g. of hydrated potassium ferrocyanide. 

The next step in our study of this method was the effect of the concen¬ 
tration of sulfuric acid. From the work of Crotogino, 1 one would expect 
a high concentration of acid to produce a high potential. This seems to 
be supported by other work which we have done. Obviously the lower 
limit of sulfuric acid concentration is that necessary to keep the products 
of reaction in solution. The upper limit is regulated by the fact that 
high concentrations of sulfuric acid cause interfering side reactions. The 
side reactions referred to are the decomposition of fenicyanide by sul¬ 
furic acid, giving rise to hydrocyanic acid as one of the products followed 
by reaction with permanganate. The occurrence of such side reactions 
was indicated in a variety of ways which are summarized below: 

1. The increased consumption of permanganate when the titration was 
carried out by adding ferrocyanide to a permanganate solution. In this 
case a high concentration of permanganate was available for reaction with 
the decomposition products of the fenicyanide, as it was formed. 

2. The amount of permanganate consumed in excess of the theoretical 
quantity increased with the concentration of permanganate, sulfuric add 
and fenicyanide, and with an increase in temperature. When ferrocy¬ 
anide was titrated with permanganate, this effect was not noticeable, 
even when the concentration of sulfuric add was high, probably because 
the speed of the reaction between ferrocyanide and permanganate was so 
much greater than that between permanganate and the decomposition 
products of the fenicyanide. When the concentration of sulfuric add 
was low, the consumption of permanganate on titrating this with ferro¬ 
cyanide was normal. 2.5 cc. of sulfuric add (sp. gr. 1.58) in a volume of 
250 cc. of solution required two parts in one thousand more of perman¬ 
ganate when the ferrocyanide was added to the permanganate, than 
when the reverse operation was performed. With 5 cc. of add, the dif¬ 
ference was 3 parts in t.ooo, but with 40 cc. of add, it rose to 7 parts. 
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The presence of ferricyanide in addition to that produced in the reaction 
had a marked effect when the ferrocyanide solution was added to a solu¬ 
tion containing ferricyanide, together with permanganate and 40 cc. of 
sulfuric add. It had almost no effect when the sulfuric add present 
was 2.5 cc. 

3. The presence of ferricyanide in ferrocvanide solution had almost no 
effect upon the titration of the ferrocvanide with permanganate in all 
moderate concentrations of sulfuric add 

4. On warming a solution of ferricyanide containing sulfuric add, the 
odor of hydrocyanic acid could be detected. 

5. On titrating a warm solution of permanganate and sulfuric acid 
with ferrocyanide, the consumption of permanganate was too large. 

The foregoing statements indicate that error will follow the use of 
concentrations of sulfuric add greater titan 5 cc. in 250 cc. volume when 
permanganate is titrated with ferrocyanide, and indicates likewise that 
some danger attends the use of the higher concentrations of sulfuric add 
in the reverse titrations These statements are illustrated, in part, in 
Table II. 

Table II 

Effect of Temperature, Sulfuric Acid and Potassium Ferricyanide on the Titration 
of Ferrocyanide with I’ermanKunate and mi the Reverse Titration 
Volume sjo cc Solutions Appiovmately o 05 A' 

Temperature it,” 


HjSO* sp gr 1 58 
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2.5 

KMnO, 

1 5 

1 008 

2.5 

K,Fe(CNjt 

1 5 

1 009 

40.0 

KMnO, 

none 

1 .035 1 

40.0 

KMnO, 

1 0 

I .102 

40 0 

K,Fe(CN), 

r 0 

I 010 


Table II shows titration of 0.05 N solutions with 2.5 cc. and 40 cc. of 
sulfuric acid present. On comparing these titrations with those obtained 
cm titrating 0.005 N solutions with 40 cc. of sulfuric add present, as shown 
m Table I, it will be noted that the change of potential is much greater 
near the end-point when the stronger solutions are used. With 0.05 N 
solutions it is not necessary to wait more than two minute to determine 
the end-point. Table III also exhibits the favorable influence of a low 
mneentration of sulfuric acid on this titration. 
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TaBLE III. 


Titration of Potassium Permanganate and Ferrocyanide Solutions, Approximately 
o oj N. Volume 250 cc. Temperature 25 °. 


ra<«(CNV 

KMdO« 

Cc. 

Change 

E M ¥ 

Change 

Time. 

Total 

Cc 

Itt CC. 

millivolts 

in tuv 

Mm 

Change 

♦9 25 

0 

O 

250 

(2.5 cc. HjSO, 

Sp gr 1 

.58) 


49 is 

49.18 

505 

255 




49.40 

O .22 

5<*> 

I 




49 56 

0 16 

515 





49.64 

0 08 

532 

»7 




49 67 

O 03 

598 

66 

I 





050 

52 

2 





;o 4 

54 

3 





733 

49 

4 

221 


49 87 

O 20 

830 

97 



49 35 

O 

O 

365 

(40 cc. H ; SO, Sp gr 

158) 


49.18 

49 18 

58.? 

218 




49.28 

O IO 

590 

1 




4938 

0.10 

600 

w 




49 48 

0 10 

607 

7 

1 



49 57 

0 09 

618 

11 

I 



40 62 

0 05 

629 

11 

l 



49 -66 

0 04 

652 

23 

I 



49 7<> 

0 04 

718 

66 

i 





733 

14 

3 





745 

13 

3 





761 

if. 

4 

109 


One of the products of the reaction is manganous sulfate. We investi¬ 
gated the effect of increasing the concentration of this salt. As a result 
we learned that a moderate increase in concentration over that resulting 
from the reaction caused a precipitate of manganous ferricyanide, which 
coated the electrode and seriously interfered with the titration even when 
the concentration of sulfuric add was high. This suggests a limit to the 
amount of ferrocyanide which can be titrated in this volume. This limit 
corresponds to about 50 cc. of a 0.05 N solution, and may not be greatly 
exceeded. 

Large concentrations of hydrochloric add reacted with the perman¬ 
ganate. With less than one cc. of cone, hydrochloric add in a volume of 
250 cc., no difficulty was experienced when ferrocyanide was titrated with 
permanganate. It is thus shown that ehlorides in moderate amount do 
not interfere. 

The substitution of potassium diehromate as the oxidizing agent for 
potassium permanganate was unsuccessful. This reaction requires time 
and high temperature for its completion. It was therefore abandoned. 

The titration shown in the tables given in thus paper involved about 
50 cc. each of the solutions. We have also titrated smaller volumes, 

irto _ --- •• * ‘ 
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solutions to be the same within the same limit of error in measuring, 
whether dilute or strong solutions were used. The method is, therefore 
available for the determination of very small amounts of ferrocyanide, 
and in this respect it corresponds with the determination of small amounts 
of chromate by electrometric titration with ferrous sulfate as described 
by one of us elsewhere. 1 The question as to the correctness of the end¬ 
point which we have taken is only partly answered by the approximate 
coincidence of the electrometric end-point and the appearance of the color 
of the permanganic acid because of the difficulty in noting the 
point at which the change of color occurs. We believe, however, 
that the close agreement between end-points reached by titrating ferro¬ 
cyanide with permanganate and permanganate with ferrocyanide is fur¬ 
ther and confirming evidence of the correctness of the end-point and that 
it shows that there is no need for a blank correction in this titration in 
work corresponding to an accuracy of one part in 500. 

Method for Determining Ferrocyanide. 

About one g. of potassium ferrocyanide in 250 cc. of water and 2.5 to 
5.0 cc. of sulfuric acid of sp. gr. 1.58, may be titrated with 0.05 N per¬ 
manganate. The permanganate should be standardised against Bureau 
of Standards sodium oxalate. Ferricyanide does not interfere. The 
titration should be performed by adding the permanganate slowly with 
constant mechanical stirring to the solution of ferrocyanide. A small 
precipitate may form, but this redissolves. The electrometric apparatus 
must be one which will indicate changes in potential of the order of one 
millivolt. This condition is fulfilled by the apparatus described by Hil¬ 
debrand. 2 and, with the addition of a voltmeter, by the apparatus de¬ 
scribed by one of us, 3 As the end-point is approached, the permanganate 
should be added dropwise, and time allowed for the completion of the 
reaction. This is illustrated in Table I. The end-point is taken as the 
point of greatest change in potential, corresponding to the addition of 
equal amounts of the permanganate solution. Should too much perman¬ 
ganate be added, the end-point may be approached from the opposite 
direction by adding a standard solution of ferrocyanide. The concentra¬ 
tion of permanganate in this case is so low that the cautions given else¬ 
where in this paper concerning the danger of titrating permanganate 
with ferrocyanide are not applicable. There is even some advantage in 
titrating in this way in that in this titration, as in most others, depending 
upon a change in oxidation potential, the sharper end-points are obtained 
when the electrode is in contact with the oxidizing solution. Chloride 
in amounts equivalent to one g. of sodium chloride do not interfere. Any 
1 3 . Ind. En$. Chem., 9, 780 ( 1917 ), 
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salts which under the conditions produce a precipitate with either ferro- 
or ferricyanide interfere. 
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THE VAPOR PRESSURES OF MERCURY IN THE RANGE 120 0 

TO 250°. 

Rv Alan’ \V C Mbn 7 iks 

Receded August 20. 19 jy 

In a former paper 1 it was pointed out that the values found by various 
observers for the vapor pressures of mercury are astonishingly discordant. 
For this and for other reasons there mentioned, the vapor pressures were 
redetermined at that time over the temperature range 2 50-435 using 
the static isoteniseope. 1 In the present paper a report is made of mea¬ 
surements covering the range 120-250°, using two McLeod gages. 

The Existing Data. —The more important observations within the 
range stated are collected in Table I, in which the observers' names are 


Tablb I 




Data o( Other Investigators 



Observer 

Temp 

Preai oho 
ram mercury 

Frew C'ilc 
front equation R 
ram mercury 

Pres* difl 
Ante - t»bs 
mm 1 treury 

Pels 
/’ ob* 

0 

.>48 

/I 19 

;o 29 

— 1 m 

101 .6 

C. 

*45 

68 42 

64 89 

-3 5 ^ 

*03.0 

Y 

33(1 <) 

5! 8s 

52 01 

-ft) 18 

99-6 

G 

33 f > 

51 58 

y> 7 2 

— 0 86 

IOI .7 

G 

3}0 3 

46 4Q 

43 21 

3 *S 

*07 5 

G 

234 3 

38 82 

1<> s6 

—2 26 

106 2 

G 

307 

31 07 

2 * 53 

4b 

97 9 

H 

306 9 

22 58 

21 47 

- -1 II 

105.2 

H 

303 0 

20 3S 

18 07 

-* 38 

*07.3 

H 

190 4 

12 89 

>2 34 

- -o 35 

*03.0 

G 

188 

12 51 

II 5*> 

-0 95 

108.2 

H 

184 7 

II 04 

10 32 

—■0 72 

107.0 

Y 

183 8 

9 94 

10 00 

4*o 06 

99 4 

y' 

183 7 

9 83 

9 97 

4*0 12 

98-8 

RY 

183 4 

9 87 

9 »7 

—0 00 

ICO 0 

H 

177 4 

8 20 

7 08 

- ■a 22 

102 7 

G 

17& 5 

8 23 

7 73 

-0 40 

106 4 

H 

165 8 

5 52 

5 22 

~o 30 

*04 3 

G 

*37 5 

3 93 

3 72 

—O 2X 

105.7 

H 

*34 a 

3 49 

3 33 

—O 16 

104.9 

G 

139 

t 00 

* *4 

—O 14 

87.4 


1 Smith end Henries, This Journal, 32,1+34 (1910). 
’This Journal »j. ijtj /mmi 
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abbreviated thus, Young 1 Y, Ramsay and Young 1 RY, Hertz* H, Geb- 
hardt* G. The “calculated" values are those given by the equation 
"R'* published in 1910, 6 and yield, at least, a smooth curve to serve for 
purposes of comparison. The amounts of discrepancy are tabulated in 
the fourth column in mm. of mercury, and, in the fifth column, are made 
evident by a percentage comparison. 

The Method Employed. —The static isoteniscope is not especially 
well suited for the measurement of the rather low vapor pressures with 
which we are here concerned, and an entirely new plan was therefore 
adopted. Two McLeod gages, G and G' in the diagram (Fig. 1), of suit¬ 



able capacities were constructed and calibrated. These were connected 
with each other and with the reservoir A and also, through a mercury 
seal, with a source of pure dry 1 hydrogen and with a vacuum pump. The 
gage G' was completely immersed in an oil bath, fitted with an arrange¬ 
ment for violent stirring/ while the gage G and the reservoir A were 
immersed in water baths at room temperature. By successively admit¬ 
ting and pumping out dry hydrogen, heating the glass meanwhile, the 
apparatus could be filled with this gas, whose pressing could finall y be 
made whatever was desired prior to closing the mercury seal. If not 
already done to assist in the removal of adsorbed substances, the gage 
G' was raised to the desired temperature, ascertained by a completely 
immersed mercurial thermometer of known corrections. Both gages 
were then operated simultaneously, and, because of the condensation on 
compression of the saturated mercury vapor in G', gave different read¬ 
ings, from which the required vapor pressure could be calculated. In 

* J. Chem, Soc., 59,639 (1891). 

* Ibid., 49, 37 (1886). 

Physik, [3] 17, 193 (1883). 

* Btr. physik. Gts., 7,184 (1905) ; DUsertalim, Erlangen, 1903. 

* Loc. til, 
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all cases, equilibrium had already become established even at the first 
reading. 

This method is applicable, not only to mercury, but to other sub¬ 
stances whose saturated vapors may be suitably introduced into the G' 
gage over either mercury, fusible metal or other liquid. 

Reduction of Observations - As identical results for the vapor pres¬ 
sure of mercury were obtained with different pressures of hydrogen, it 
may be assumed that, in these experiments, the total pressure P in the 
cold gage is identical with that in the hot gage before the operation of 
the gages, within the expenmenta! error. Because the gas pressures 
measured are not negligibly small as compared with the pressure due 
to the mercury column of the gage, the ordinary formula used for McLeod 
gages will not apply strictly Instead, if I ’ is the total volume of the 
gage, v the volume of the compressed gas trapped in the gage capillary, 
l the height in mm. of the mercury column chiefly responsible for the 
compression, and P the pressure in mm ot mercury' of the gas in the 
reservoir A, which it is desired to measure, one may state P/(l + P) = 
v/V; or P = lv/{V — zj. This equation was used for the cold gage G, 
where the vapor pressure of mercury was almost negligible. 

In the hot gage G', the pressure P, prior to the act of compression, is 
made up of [Hg] the vapor pressure of meriury and [H 2 ] the partial 
pressure of hydrogen, whence [H 2 ] = P— [Hg], After compression, 
the pressure in the gage capillary is made up of [Hg], as before, plus 
IH ,1 X V'/v' and this total pressure is also equal to that of the mercury 
head l' plus P Thus 

P + l' « lHg]+ {P — [Hg]} 


or, 


IHg] = 


i'I 


T 7t 

V -— V 


h IV 

V — v V — v' 


which gives the required vapor pressure of mercury. 

Precautions to Secure Accuracy. —-The hot gage must be sufficiently 
compact in construction to make possible immersion in the oil bath; but 
the cold gage may be practically as large as desired. The cold gage 
reading can thus, ordinarily, lx: of much higher accuracy. Since the 
last equation above shows that the hot gage reading is to be subtracted 
from the cold gage reading to obtain the result, it will obviously be best to 
arrange to have the hot gage reading relatively rather small, thus reduc¬ 
ing its errors to a secondary order. This can be effected by adjusting 
the hydrogen pressure in the apparatus to have a value not much larger 
than the anticipated vapor pressure. Again, it should be borne in mind 
that a McLeod gage reads most accurately for the highest pressures 

thflt urill MWWvi T'llA /moratintl rtf onffimv off rw fwnnimr 4-Vif. nnirA 
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gas should be performed very slowly. The readings of heights of mer¬ 
cury columns should, of course, be suitably reduced for temperature and 
gravitation. A small correction, based on equation “R,” was applied to 
correct for the mercury vapor present in the cold gage. 1 

Measurements Made. —The mercury employed was purified by the 
customary methods. 2 There was no evidence that it dissolved hydrogen 
appreciably. In such a case as the present one, all that is necessary is 
the determination of a very few points. Thermometry in agreement to 
o.i° with the 1914 scale of the Reichsanstalt was available only up to 
200 0 , and the 3 points selected are, therefore, below this temperature. 
The “calculated” values in Table II below are those obtained from the 
equation 

log p = 9.9073436 — 3276.638/0 — 0.6519904 logO (R) 
which was based on measurements between 250° and 435 0 and pub¬ 
lished in 1910. 3 The values in the fifth column, which give the per¬ 
centage change in pressure that would be caused by a temperature change 
of 0.1°, are also derived from this equation. From the values of the pres¬ 
sure of hydrogen in the reservoir, tabulated under P, one can see that, in 
these experiments, the accuracy to be expected is greatest at 191.5° and 
least at 121.8°, for reasons mentioned in a preceding paragraph. 

Table II. 

Details of Observations 

Vapor pressure in 



mm 

Eoumi v iftn 

FtrcctituKe chiURt 
of press per 

0 1 0 calc from R 


Temperature 

J’ound 

Calc from R Calc X 100 

p. 

I 9 J 5 ° 

U 02 

13 02 JOO 

O 34 

14 28 

150 o° 

2 Ho2 

2 81I 99.67 

° 39 

3 564 

121.8° 

O 829 

0 823 100.75 

0 47 

1 73s 

At 191-5° 

the agreement between the found and calculated values 


only apparently perfect, for the temperature scales concerned differ by 
several hundredths of a degree at this point/ This disagreement between 
the found and the calculated values, however, is in no case greater than 
the estimated experimental error. 

Conclusions. 

The measurements here reported, therefore, indicate that the vapor 
pressures of mercury between 120° and 250° may be represented, prob¬ 
ably to within 1% of their own values, by the same equation “R," with¬ 
out the need of any modification meantime, that was adapted to fit 

• It should, perhaps, be mentioned that, at the pressures and compressions used, 
the divergence of hydrogen from the simple gas law gives rise to enors of an order 
here quite negligible. Possible systematic error is being further investigated. 

* Cf. Tms Journal, 3*, 1439 (1910). 

' Ibid ., il , 1441 (1910). 
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the experimental values formerly found in the range 250° to 435The 
difference between the temperature scales employed in 1910 and in the 
present work is within the experimental error. 

Measurements by this method may be extended to lower temj^eratures; 
and the precision here attained may be improved with respect to pressure 
as well as to temperature. But such further measurements by this 
method are perhaps unnecessary in view of the greater simplicity of 
another method, applicable to this and to many other cases, giving- results 
which it is hoped will be published later. 

Summary. 

(1) A method adapted to the measurement of rather low vapor pres¬ 
sures has been described, involving the use of two McLeod gages, hot 
and cold, respectively. 

(2) This method has been applied to the case of mercury, and it has 
been shown that the equation connecting pressure and temperature pub¬ 
lished in 1910 to cover the range 250 6 to 453 0 may be applied, without 
modification of its constants, over the range 120° to 250°. 

Pkincbtun N J 

[CoNTiuram>N i ko* uu lhlmkai Labi»kator> oftiij l M\utsrr> of Caufounla.] 

POTENTIALS OF THE ZINC AND CADMIUM ELECTRODES. 

Hi W Grknviiu: Horsch 

Received August 20, 1910 

Normal electrode potential has been defined 1 as the electromotive 
force of a reversible electrode of the pure element again=t a solution in 
which the ion of the element is (hypothetical) molal. This paper pre¬ 
sents determinations of the normal electrode potentials of zinc and cad¬ 
mium referred to the potential of the normal hydrogen electrode as zero. 

In a previous, unpublished research 5 a value for the electrode potential 
of zinc was obtained, based upon measurements of cells containing sulfate 
solutions as electrolytes. The electromotive force of cells of the type 
Zu: ZnSOi: HgaSCh: Hg was measured® where the zinc sulfate solutions 
ranged in concentration from 0.005 M up to 0.1 M. Using the method 
of calculation employed by Lewis and Lacey* to obtain the potential of 
the copper electrode, and their value of the electromotive force corre¬ 
sponding to the free energy of formation of mercurous sulfate, the value 
0.76 volt was obtained as the potential of the zinc electrode. It was 

* Lewis, This Journal. 35, a* (191 j); 36,1971 (footnote) (1914). 

* W, G. Horsch, Thesis for the degree of S M., Univ. of Calif., 1916. 

1 Molal concn. of ZnSO< win., 0005 0010 o ozo o o.w 0.070 0.100 
Electromotive force, 1 *193 1 5144 t 5054 1 4988 t 48S0 t 4830 

* This Toornal. 16. Soa (iota). 
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estimated that the value of the potential thus obtained might contain 
an error as great as o.oi volt. 1 

Because of the unsatisfactory nature of mercurous sulfate, some other 
insoluble sulfate was sought, the properties of which made it more suit¬ 
able for use in a reference electrode. The only substance appeared to 
be lead sulfate, which possesses the advantage of having l /i# the solubility 
of mercurous sulfate. Accordingly, experiments were tried, using elec¬ 
trodes consisting of solid lead sulfate in contact with a liquid containing 
r% lead. Cells of the type Hg: Hg 2 OS.i ; ZnSOdo.oaM); PbSO; P)j(arnalg.). 
were measured, in which two mercurous sulfate-mercury electrodes and two 
lead sulfate-lead electrodes dipped into the same intermediate vessel. 
The former two differed from each other by less than 0.0001 volt; the lat¬ 
ter two differed by 0.0004 to 0.001c volt. Moreover, the measurements 
were unsatisfactory for the further reason that the electromotive force 
of the cell fell off rapidly with the time; thus the electromotive force of 
the cell changed from 0.954 to 0.946 volt in 18 hours. Lead sulfate-lead 
against zinc in zinc sulfate solutions gave a continually rising electro¬ 
motive force, while mercurous sulfate-mercury against zinc sulfate solu¬ 
tions remained constant over long periods. Even greater inconstancy 
was found by Lewis and Brighton 5 who used cells which consisted of 
hydrogen, sulfuric acid, lead sulfate in sulfuric add, lead. The attempted 
use of an espedally designed electrode in which the contact surface be¬ 
tween the amalgam and the solution could be renewed continuously or at 
will proved unsuccessful. It was therefore evident that sulfates could 

1 The uncertainty of this value is attributed to the mercurous sulfate Thus, 
measurements of the electromotive force of the cell Zn, ZnSCU, HgjSOi, Hg at two 
different concentrations of zinc sulfate solution should enable us to calculate the free 
energy of dilution of zinc sulfate solution. The free energy of dilution may be calculated 
also from freezing-point data. The values obtained by the two methods (using freezing- 
point data of H. Hausrath (Ann. Physik, [4J 9, 550 (1902)), do not agree, but differ by 
an amount corresponding to 0.005 to o 008 volt. This discrepancy is greater than can 
be attributed to the error in either the freezing-point data or the electromotive-force 
measurements, and is due partly to the solubility of mercurous sulfate The solubility 
in pure water is 0.0013 at 25 °, so that the amount of sulfate ion contributed bv the 
mercurous sulfate becomes an important factor in the dil. zinc sulfate solutions .Mer¬ 
curous sulfate turns yellow and then light brown, as the zinc sulfate solution with which 
it is in contact becomes more and more dilute. The action Is hastened by light, but 
is prevented by a small concentration of acid. According to Wright and Thompson 
(PM. Mag., [5] 19, 29 (1885]), zinc sulfate solution renders the mercurous sulfate more 
soluble; for example, in a saturated solution of zinc sulfate, the mercurous sulfate had 
3 times its solubility in pure water. These considerations indicate that in dil. sulfate 
solutions the activity of the zinc ions is affected by the presence of the mercurous 
sulfate. In obtaining the normal potential against hydrogen the calculation was based 
on the assumption that the mercurous sulfate bad the same thermodynamic properties 
in add as in diL zinc sulfate solution. 

> Tees fouKNAb, M. 1908 (1917). 
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not be employed in the cells if accurate values of the electrode potentials 
of zinc and cadmium were desired. 

Experiments were tried next with chlorides. Measurements of cells 
of the type M; MCh: AgCl ; Ag, (A) and Hi: HCK0.01M): AgCl ; Ag. (B) 
where M represents zinc or cadmium, were found to give entirely satis¬ 
factory results in respect to constancy and reproducibility. It is these 
measurements which form the basis of the electrode potentials which 
are presented in this paper. The electromotive force of (B) enables us 
to calculate the electromotive force corresponding to the free energy of 
formation of AgCl in (hypothetical) molal H + and Cl~. This value, 
together with the electromotive force of (A) in a solution so dilute that 
we may get the activity of M + + , enables us to calculate the potential of 
M against (hypothetical) molal M + + . 

Work of Other Investigators.— II. Jahn 1 determined the electromotive 
force of the cell Zn (amalgamated rod) ZnClt (c); AgCl ; Ag, in concen¬ 
trations of Z11CI2 from 0.556-2.22 M; these will be tabulated along with 
the author's own values for zinc. H. M. Goodwin* measured the elec¬ 
tromotive foice of concentration cells of the type 

Cd. CdCls (o); AgCl, Ag, AgCl; CdCl, (c), Cd 
In, ZnCh (c,) ; AgCl, Ag, AgCl; ZnCl, (c,), Zn 

in a few concentrations ranging from 0001-0.2 M. The electromotive 
forces of a few cells in which Cd was placed against AgCl, Ag in CdCJt 
were measured by Wright and Thompson* and by E. Biron and B. 
Afanassjew.* Those of the former were all carried out in solutions of 
concentration greater tliau about 0.05 M. Details of the work of the 
latter two investigators could not be obtained. 

Apparatus. 

Potentiometer. - Measurements of electromotive force were made 
with a potentiometer of the decade-box type, which has been in use in 
this laboratory for several years. A complete description is given in a 
recent paper by Lewis, Brighton and Sebastian. 5 The potentiometer and 
all conductors connected therewith were thoroughly protected from stray 
electric effects by a conducting shield, according to the method recom¬ 
mended by White. 8 Bv the use of paraffined glass tubes for supports, 
all parts of the potentiometer system, including wires leading to the 
cells and to the galvanometer, possessed a high degree of insulation. 

Oil Bath. —All the cells when being measured were immersed in an 

1 MW. Ann , s8, 21-43, 491 7 (1886). 

1 Z pkysik ( 7 ;rm , 13, 577-65S (1894). 

8 Phil, Mag , (j) 19 , 106 (1885) 

* J, Russ Phys. Chew. Sac,, 41, r 175-82 (1909). 

• This Journal, 39 , 72 %(> (1917) 
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oil bath which was maintained at a temperature of 25°* .01 by means of 
an electric heater and an electrically operated thermostat. 

Cells. —Two types of cell were used. For the measurements with 
the more concentrated electrolytes was employed the ordinary “half” 
cell, so common in electromotive force work. It consisted of a glass tube 
about 2 cm. in diameter and 15 cm. in height, closed at the bottom, and 
with a side arm opening from it near the middle. The metal of which 
the e. m. f. was desired was placed in the bottom of the tube and con¬ 
tact made by means of a sealed-in platinum 
wire. The slight solubility of silver chloride, 
and the form of the silver-silver chloride elec- 
l A trade (to be described presently) made it pos¬ 
sible to insert the latter in the upper part of 
the same chamber with the zinc or cadmium. 
The “half” therefore became a complete cell 
in itself. For the purpose of intcrcomparison 
several of these units could be connected, by 
means of the side arm, with a common inter¬ 
mediate vessel. Where this was unnecessary, 
the side arm was closed to prevent evapora¬ 
tion and was used merely as a means of sup¬ 
port. 

For work with dilute solutions, a special cell 
(Fig. 1) was designed which permitted the cir¬ 
culation of fresh electrolyte through it while it 
was in the oil bath. Each complete cell of this 
type carried two metal electrodes, B and D, and 
one silver-silver chloride reference electrode, 
C. A small supply of electrolyte, carried in the dropping funnel A, 
could be allowed to flow down when desired, washing, in turn, the elec¬ 
trode surfaces at B, C, and D, finally passing out through the waste- 
tube, E. Contact with the potentiometer leads was made by means of 
mercury placed in the tubes Fi, F s , and G, in the lower ends of which 
platinum wires were sealed. 



Preparation of Materials. 

Standard Metal Electrodes.—Finely divided metals, cadmium and 
zinc, produced by rapid electrolysis of the chloride solution, were used. 
A rod of the pure metal served as anode, and a platinum spiral as cathode 
in this electrolysis. Varying the current density at which the metal was 
deposited had no effect on the electromotive foroe exhibited by the metal, 
except that with very high current density the deposited metal became 
---- i-1. *-—o+v,*., ttiorafitr wmmt rffiiierit washing. 
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wire the current employed was 0.25 to 0.50 ampere. The tree-like deposit 
was shaken from this cathode from time to time, and when sufficient 
amount had been obtained in the bottom of the beaker in which the 
electrolysis was conducted, it was removed and washed. 

Liquid Amalgams of both zinc and cadmium were prepared. These 
contained 3.6% zinc and 4.6^ cadmium, respectively. Weighed amounts 
of zinc (or cadmium) and mercury were enclosed in an evacuated tube 
and heated in a steam bath until the solid had dissolved. The mixture 
was shaken occasionally to hasten the process and after the solid had 
disappeared a thorough shaking was given to insure homogeneity. Cad¬ 
mium amalgam gave excellent results in all concentrations of cadmium 
chloride solution from saturation down to 0.0001 M. The zinc amal¬ 
gam prepared did not give a steady electromotive force in zinc chloride 
solution of any concentration. It was found, however, that finely divided 
zinc worked satisfactorily in solutions as dilute as 0.0003 M. Therefore, 
while there is no serious doubt as to the ability of zinc amalgam to give 
reproducible results, a study of its apparently anomalous behavior was 
given up, and the pure (spongy) zinc used directly. 

Cadmium Chloride solutions were prepared by weighing out the 
proper amounts of water and of a stock solution of cadmium chloride of 
known concentration. This stock solution was prepared by dissolving 
very pure, crystalline cadmium chloride in “conductivity” water. The 
concentration was determined by 5 analyses, using the silver chloride 
precipitation method. 

Zinc Chloride solutions were prepared likewise by diluting a stock 
solution of zinc chloride. In this case, however, pure zinc chloride was 
not available, so that a ziuc chloride solution was prepared as follows - 
Pure hydrogen chloride was obtained by dropping pure, cone, sulfuric 
acid slowly into pure, cone, hydrochloric acid. The gas was absorbed 
in conductivity water until the concentration was about 0.5 molal. An 
excess of spongy zinc, carefully washed, was then added to this add solu¬ 
tion and the mixture warmed gently until no further zinc would dissolve 
This solution reddened litmus slowly. The solution was then filtered 
to remove the excess zinc and the filtrate diluted to about 0.15 M, an¬ 
alyzed (as in the case of cadmium chloride), and employed as a stock 
solution. 

Silver-Silver Chloride Electrodes were prepared according to the 
method already employed successfully by Brighton 1 working in this lab¬ 
oratory. Flat platinum gauze, about 2X1 cm., was fastened to the 
end of a platinum wire, which in turn was sealed into the lower end of 
a glass tube of about 4 mm. inside diameter. The gauze was plated 
with silver from a silver cyanide bath, and then the silver chloride formed 
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as a dark deposit by using the silver as anode in a dil. sodium chloride 
solution to which a small amount of hydrochloric acid had been added 
Experimental Results. 

Amalgam vs Pure Cadmium. —Three samples of cadmium amalgam 
were taken, representing approximately the first, middle and last por¬ 
tions drawn from the storage tube The electromotive force of these 
against pure cadmium was obtained by measurements of a cell containing 
the amalgam m one arm and pure cadmium in the other, the electrolyte 
throughout being a 5 M cadmium chloride solution 1 The finely divided 
cadmium did not give concordant or constant results in dil cadmium 
chloride solutions, but 11105 If concentration the agreement was excel¬ 
lent. The cells were kept in the bath from 2 to 5 da} s, and in each case 
the electromotive force varied by less than o 0001 volt during the whole 
period The results are as follows 

Portiou L in volts 


first 

Middle 

last 


0 ostfi 
o OSH 
o 05H 


Taking the average of these values we obtain 

Cd(amalgam) Cd ++ cCl~ Cd E = —o 0534 volt. 


'lABLb 1 

1 M F of the Cell 1 it(p) IICl(o 01 M) <tgCJ Ag 


Electrode 

E l 

(obstrved) 

Volt 

llarom Preas 
(Mm Hj£ at 0 ° ) 

E> 

(corrected to 1 atm ) 
Volt 

I 

0 4^0 

751 4 

O 4666 

2 

0 4<j-,y 

7jI 4 

O 466 s 

4 

0 4655 

751 4 

O 4661 

4 

O 4666 

751 7 

O 4670 

5 

0 4660 

745 7 

0 4665 

5 

0 4660 

7*)6 V 

O 4665 

6 

0 4658 

753 7 

0 466.5 

6 

0 4660 

759 7 

O 4664 

6 

0 4661 

757 I 

0 4666 

6 

0 4659 

755 6 

0 4664 

7 

0 4662 

759 7 

O 4666 


Mean value, o 466 s 

1 The electromotive force should be independent of the concentration of Cd' * 

1 The electrodes were checked up several times at intervals of a few days E 
represents the mean of the values thus obtained 

* The calculation of E (corrected to a hydrogen pressure of 1 atmosplieri 1 given 
in Table I, was made, as in the following example for Electrode No 1 
E (observed) o 4660 volt 

Water vapor pressure at 25 0 = 24 mm 
Actual hydrogen prtssure « 751 — 24 -- 727 mm 
Correction = & =• RT -T In 760 /p ~ 00296 log 760/717 « 00006 volt 
E {p ~ 1 atm ) = o 4660 + o 0006 “ o 4666 volt 
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Silver-Silver Chloride vs. Hydrogen. —All the silver-silver chloride 
electrodes had the same electromotive force within two- or three-tenths 
of one millivolt, when measured against hydrogen in 0.01 M hydrochloric 
add. The results are presented in Table I, where E represents the 
e. m. f. of the cell H,(f>); HCl(o.oiM) 1 • AgCl : Ag. 

Ca dmium Amalgam vs. Silver-Silver Chloride.— Owing to the good 
agreement of the silver-silver chloride electrodes among themselves, it 
was unnecessary to correct the individual observations of e. m. f. of cad¬ 
mium against silver-silver chloride for the deviation of the latter from 
tire mean. 

In Table II are presented the original observed e. m. fs. of the cell 
Cd(4-6?f amalgam), CdClj(c), AgCl , Ag , (E\), and of the (calculated) 
e. m. fs. of the cell Cd, CdCl*(c), AgCl , Ag . (£« = —0.0534), the 

correction term being equal to the e. m. f. of pure cadmium against the 
cadmium amalgam. 

Two or more electrodes always were measured in each concentration of 
cadmium chloride solution, and it is the mean value of these measurements 
which is given in the second column of Table II. The cadmium amal¬ 
gams gave very concordant results in concentrations down to about 
0.0005 M. T h e equilibrium 
value of tlie electromotive force 
was taken on very' promptly 
(within 5 or 10 minutes after the 
cell was prepared and placed in 
the bath) and did not differ by- 
more than 0.0005 volt from the 
initial value. This indicated 
that no appreciable amount of 
reaction took place between the 
electrode and the solution. Sev¬ 
eral cells were left in the bath 
over a period of 3 or 4 days, 
during which time they did not 
vary by more than 0.0002 to 
0.0003 volt. In all cases the 
cells were emptied and refilled 
with electrolyte several times 
during the period of the experi¬ 
ment. £ Where the concentration 
was about 0-001 M or greater, the 
electromotive force was always 
reproduced after the refilling. In 

1 The concentration of the hydrochloric acid used was actually 0.00999 
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the very dilute solutions, say below 0.0005 M, the several cells did not 
agree more closely than 0.0005 to 0.0010 volt, and in successive fillings 
with fresh electrolyte the electromotive force was not reproduced any 
better than this. 

The original observations, as given in Table II, when plotted against 
the logarithm of the concentration (see Fig. 2) lie on a smooth curve to 
which the points hold very closely down to a concentration of about 
0.00025 M. Even below this concentration the maximum deviation of 
any of the points from the curve is less than 0.0012 volt, so that the least 
accurate portion of the curve, since it represents an average of the measure¬ 
ments, should give the electromotive force to nearer than 0.001 volt. 


E. M F. of the Cell 


Tabi.b II 

Cdf4.6 amalg.l ; CdCli(c) • AgCl ; Ag . 


C (CdClj'i 

£1 

£3 

per 1000 R of HiO 

(observed 1 

- Ei + 0 0534) 

6 62 

0 62203 

O 67540 

O 0995 

0 6996 

0 7530 

O.OO74 

0.76305 

l> 81645 

O QOSSIQ 

0 7864 

O 8398 

O 002I 

0 795 « 

O 8491 

O OOO924 

0 8296 

0 8830 

O 000479 

0 852 

<J 905 

O OOO3659 

0 8614 

0 9148 

O OOO3363 

0 8644 

0 9x78 

O OOOJI44 

(i 8803 

<» 9337 

O OOOI527 

0 8926 

0 9460 

O OOOI269 

0 8978 

0 9512 

O OOOU37 

0 9011 

0 954S 

0,0001087 

0 9023 

0 9357 

O 0001029 

0 0060 

O 9594 


Zinc vs. Silver-Silver Chloride.—In the work with zinc the pure 
metal in the finely divided form was used directly. As a “standard” 
value for the e. m. f. of silver-silver chloride against hydrogen in 0.01 
M hydrochloric arid, 0.4665 volt was taken. Whenever any of the sil¬ 
ver-silver chloride electrodes used in these measurements differed from 
0.4665, the corresponding reading was corrected by the proper amount. 
It has already been pointed out that the finely divided zinc was used 
instead of zinc amalgam because the amalgam gave unsteady values of 
electromotive force. Between two samples of the same amalgam the 
electromotive force varied in an erratic manner, rising and falling rapidly. 
The finely divided zinc gave a steady value, but left something to be 
desired in the way of reproducibility in the dilute solutions. For this 
reason the measurements were not carried out in solutions of zinc chloride 
more dilute than 0.0003 M, and in concentrations below 0.001 M the 
deviation of the individual observations from the mean is 0.002 volt. 
As m the case of the cadmium measurements, the cells were emptied 
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and refilled several times with fresh zinc chloride solution, and each 
value given in Table III represents the mean of the value by at least 
two separate cells. Whether the silver-silver chloride was in the same 
tube with the metal (zinc or cadmium), or separated lay an intermediate 
vessel or tube, made only two- or three-tenths of a millivolt difference 
in the case of the dilute solutions and an undetectable difference in the 


case of the more concentrated solutions. In Table 111 are presented the 
observed e. m. fs. of the cell ; ZnCMO. AgCI- Ag. These values of E 

are plotted against log ('■ 

in Fig. 2. 


Table III 

K M V ufOllZn ZnC'l-iV, AgCI Ag 

( (ZnCUl 

k 'observed 

nmli per 1000 k HjO 

(Volt*.) 

r> 0102! 

1 I 55 H 

n 0060 j 

1 1742 

O OO^I12 

1 1953 

n (101454 

1 2219 

0 001254 

1 2 2^9 

<» 1100772 

1 2475 

0 000649 

1 2497 

u 0004995 

t 2<>Q0 

■i 0003478 

1 27m 

In Table IV arc presented three values by H. Jahn 1 to supplement those 
given in Table III. Jahn used an amalgamated zinc rod instead of pure 
zinc. Since, as pointed out by Richards and I,cwis, : the difference in 

potential between pure 

zinc and its saturated amalgam is slight (only 

a few millivolts') the comparison is a fair one to make. 


I\ 

Data of H Jahn K M i 

I- of Cell Zn ZnCljii l AgCI. Ag 

C 

t <«bscfvedl 

inols per 1900 HjO, 

Volta 1 

O 569 

1 0500 

I 1 I 2 

l 0171 

l 2 2 

0 9740 


Activities of the Ions. 

In solutions of bi-univalent salts the determination of the thermo¬ 
dynamic degree of dissociation is rendered difficult (li because of factors 
which are identical with those appearing in the case of uni-univalent 
salts, although probably exaggerated in this ease; (2) because of uncer¬ 
tainty regarding intermediate ions; and (3) because in the case of zinc 
and cadmium chloride there is also the possibility of another type of 
complex anion. Nevertheless, sis infinite dilution is approached all of 
these factors of uncertainty disappear, and if accurate electromotive- 
force measurements could be made in very high dilution the value of 

1 Lnc. cit. 

1 Prot. d«. Aca 4 , 34, 8; < 



1796 W. GRENVILLE HORSCH. 

the normal electrode potential could be calculated at once. At high dilu¬ 
tions, however, not only does the solubility of the material used in the 
electrode (such as mercuric sulfate or silver chloride) produce some un¬ 
certainty, but other errors of unknown origin become highly exaggerated. 

In every experimental study of electrode potentials the attempt is 
made to obtain a curve adequate for the extrapolation of £° values be¬ 
fore the anomalies at high dilution appear. One way would be to assume 
at every concentration complete ionization and obtain the E° value in 
that way, or, as a first approximation, the degree of dissociation may 
be assumed to be that given by conductivity. The latter method is 
employed in this paper. It should be noted tliat no assumption is made 
that conductivity values give the thermodynamic degree of dissociation, 
but that they axe used solely as a convenient means of plotting values 
which by extrapolation give the true E°. 

Dissociation of Cadmium Chloride. - The values of the degree of 
dissociation given by Noyes and Falk 1 were plotted against the logarithm 
of the concentration, the curve being drawn asymptotic to the line a — i. 
(a = the degree of dissociation.) The data used for this plot, which is 
not published herewith, are given in Table Y. 

Dissociation of Zinc Chloride.—The degree of dissociation of zinc 
chloride was obtained from the equivalent conductance A, given in the 
Landolt and Bnmstein Tables, and the equivalent conductance at infinite 
dilution, (A„ = 112 5) given by Noyes and Falk ( Lot. cit.). The degree 
of dissociation, a, is obtained by taking the ratio A,, A 0 . Values of a 
for various concentrations are also given in Table V. 


Tabli', V 

Dissociation of Cadmium Chloride and Zinc Chloride 


cccduo 

mol* per 1000 
g of II aO 

a 

Cl ZnCh) 
mola per 1000 
g of water 

A 

1 /ohms 

nr 

o 0005 

u yir 

O 00005 

MO 

O <>78 

O.OOIO 

0 891 

O OOOIO 

IOQ 

O 970 

O 0025 

0 8o,t 

O OCX) 2 5 

IC»R 

O 961 

O 0050 

0 7.35 

O OOIO 

in? 

O 95* 



O 002 5 


9 M 




tm 

0 R98 


Calculation of Normal Electrode Potentials. 

The data in Table I give, as a mean value for the cell 

Hj(i aim), HCl(o.oi M), AgCl , Ag , E~ 0.4665 volt. 

We may now calculate E°, which is the electromotive force of this cell 
when H + (= Cl") is (hypothetical) molal, using the equation 
E = E° — (RTlF)ln (Cl") (H + ). 

1 This Journal, 34 . 47 S (1912)- 
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In 0.01 M hydrochloric add solution, the activity of H + (and Cl~) has 
been found to be 0.0093. 1 Using this value we obtain, 

0.4665 = E° —0.05915 log(o.oo93) 2 , 
from which we get 

Hj, Cl-(M), ML 1 . -l£. £° = 02283 volt. 2 

When two Faradays of electricity are passed through the cell M; MCls, 
AgCl ; Ag t the following reaction takes place 

M -f 2 AgCl = M + + - + 2CI- + 2Ag 
The e m. f. of the cell is given by the following equation- 
E = E° - (RT/2F) In (4CV), 

= E° — 008873 log (1.588 Ca), 

in which E° is the potential when M” and Cl - are each (hypothetical) 
molal (i. e., E° is the normal potential of the metal M); R is the gas 
constant; T is the absolute temperature; F is the faraday (= 96500 coul¬ 
ombs), C is the concentration of the chloride solution in mols per 1000 g. 
of water; and a is the fraction ionized. In using this equation it is as¬ 
sumed that ('a is practically equal to the activity of the metal ion Using 
this equation by substituting it in observed values of a belonging to the 
concentrations (', a series of E* values was obtained. The values thus 
calculated are given in Tables VI and VII for cadmium and zinc, respec¬ 
tively. 

Table VI 

Normal Potential of Cadmium 


to* r 


F 

E° 

-10 

a 

voll 

volt. 

6 <0000 

0 975 

0 (;S 97 

O 6218 

(• I OCX? 

0 970 

0 9^23 

O 6231 

6 20tx> 

0 9 *»* T 

0 9445 

O 6240 

6 3000 

0 9O1 

0 93 r, 5 

0 6245 

(» 40OU 

»> 955 

0 9282 

0 6250 

<> 5000 

0 94$ 

0 9199 

0 $>253, 

6 6000 

0 940 

0 9117 

0 6258 

t> 7000 

0 9V 

O 9035 

0 6259 

6 Soon 

O 919 

0 R954 

0 6262 

6 ycxxj 

O 904 

0 8876 

0 6 .’66 

7 0000 

O 888 

0 8801 

0 6272 

7 6000 

0 75** 

0 8362 

0 6306 


The turve of observed electromotive force ought to become steeper as 
the cadmium chloride becomes more dilute, until complete dissociation 
has taken place, when the slope of the curve should be 0.0887 volt per 
unit change in log C. Owing to the large effect of impurities, etc., when 
the solutions are very dilute, the curve not only becomes straight before 
1 hewn, Brighton and Sebastian. Lot at 

1 From this value of K° might lx- calculated the free energy of formation of the 
particular silver chloride used 
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the theoretical slope is reached, but actually bends over. Now the true 
E° curve would continue to fall out to infinite dilution, but the experi¬ 
mental errors at small concentrations cause a rapid fall of the curve, 
producing a point of inflection. This rapid fall probably has begun to 
manifest itself even before the point of inflection is reached. It is E° 
at this point of inflection which is taken as the most probable value of 
the true E°. 

The values of E° in Table VI were plotted against log C (Fig. 3) and 
from this plot was obtained the final value, E° = 0.6255 volt. 



We may write for the cell Cd, Cd ++ (M).C 1 (A/) AgCJ: Ag, E° = 
0.6255. As we have already calculated, Hj H + (Af) C 1 ~(M); AgCl ; Ag. £° = 
0.2263. Combining these two, we obtain, Cd: Cd 4+ (AI)’ H + (M); Hi; 
£° = 0.3992. Since the normal potential of the hydrogen electrode is 
taken as zero, the e. m. f. of the above cell gives us directly the normal 
potential of the cadmium electrode 

Cd : Cd ++ (M), E° « 

This value probably is good to 0.0010 volt. 


0.3992. 
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Table VII 


Log C 

Normal Potential of Zinc 

B 

E ° 

—10. 

a . 

volts 

volt. 

6.4000 

O 962 

1 2844 

0 9813 

6.5000 

O 958 

I 2772 

0 9829 

6 6000 

0 954 

I 2688 

0 9832 

6 7000 

0 949 

I 2606 

0 9836 

6 8000 

0 944 

1 2524 

0 9841 

6 9000 

0 937 

1 2442 

0 9845 

7 0000 

0 930 

» 2356 

0 9845 

7 2000 

0 QIO 

I 2189 

0 9847 

7 4000 

O 886 

I 20^2 

0 98 s6 


The values of E° for zinc (Table VII) were plotted against log C as in 
the ease of cadmium (see Fig. 3). From this curve we obtain 
Zn; Zn+ + (M) Cl~(Af) - AgCl Ag, 7-:° = 0.9845 
As already given, H, H+(M) Cl-(A/) ; AgCl ; Ag, E° = 0.2263 
Combining these two we find Zn - Zn + f (.Vf), H + (Af) H», £° = 0.7582. 
The e m. f. of this cell is the normal potential of the zinc electrode 
Zn, Zn ++ (Af), E° = 0.758. 

On account of the uncertainty in the electromotive force measurements 
in the case of zinc, the above value may have an error as large as 0.002 
volt 

Free Energy of Dilution. 

If we have two cells of the type M, MCI., AgCl , Ag , where the concen¬ 
tration of the MClj solutions are G and G. respectively, the difference 
between the e. m. f. of the two cells multiplied by twice the faraday 
equivalent and divided by the mechanical equivalent of heat (4.182) 
gives the free energy of dilution, in calories, of the MCI* solution from the 
concentration G to the concentration G. That is, 

^7, _ A£ X 96500 
4.182 

A series of values thus calculated are given in Table VIII. 

Table VIII 

Free Energy of Dilution of Cells. 




Af 



Ct 

\CdW 

i&nCU s 

M 

M 

Calc 

Calc 

0 1 

0 01 

1306 


O 03 

O 003 

1426 


0 01 

O OOl 

l6l h 

17*0 

0 003 

O 0005 

1705 

1X5K 

0 002 

O 0003 



O 00,3 

O 0003 
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If the salt were completely dissociated the slope of the electromotive- 
force curve (Fig. 3) ought to be 0,0887 volt. That is, for a tenfold change 
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in concentration the free energy of dilution ought to approach the value 
0.0887 X 96500/4.182 = 2046 calories, in the more dilute solutions. 
That this value is approached more nearly by the zinc chloride than by 
the cadmium chloride indicates that zinc chloride is dissociated to a 
higher degree. Conductance ratios also show zinc chloride to be the more 
highly dissociated. 

The author takes this opportunity to acknowledge the helpful sugges¬ 
tions of, and to express his indebtedness to, I)r. Crilljert N. Lewis, in 
whose laboratory this work was conducted. 

Summary. 

Previous work by the author, in which mercurous sulfate was used in 
a reference electrode, is discussed and the reason for the inaccuracy 
noted. From the electromotive force of the cell Zn, ZnS 0 4 ; Hg 2 S 0 4 ; Hg, 
the normal electrode potential of zinc was calculated to be 0.76 volt, with 
a probable accuracy of only 0.01 volt. 

In the present work the e. m. fs. of the following cells have been mea¬ 
sured: 

Zn; ZnCh: AgCl ; Ag; 

Cd( amalgam): CdClj: AgCl : Ag ; 

Cd (amalgam): CdCl 2 ;Cd ; 

H 2 ; HCl(o.oiM); AgCl: Ag 

In the first cell the concentrations of the zinc chloride solutions ranged 
from 0.0003 A/ up to 0.01 M. In the second, the concentrations of cad¬ 
mium chloride ranged from 0.0001 M up to saturation (6.61 A/). All 
measurements were carried out at a temperature of 25 °. 

The normal electrode potentials of zinc and cadmium were found to 
be (zinc) 0.758 ± 0.002 volt and (cadmium) 0.3992 ± 0.0010 volt, the 
normal potential of the hydrogen electrode being taken equal to zero. 

The free energy of dilution of zinc chloride and cadmium chloride 
solutions was obtained. 


Bbbkslby, Cal 
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THE DETERMINATION OF ZIRCONIUM BY THE PHOSPHATE 

METHOD. 

By G. E. F. Lu.ydeu, and H. B. Knowi.es. 1 
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Contents. —I. Introduction. II. General Principles. Ill Historical IV. Pre¬ 
cipitation of Zirconium Phosphate. 1. Permissible Acidity; 2. Excess of Precipitant 
Required; 3. Effect of Hydrogen Peroxide; 4 Precipitation Temperature. V. Washing 
the Precipitate. VI. Ignition of the Precipitate. VII. Procedure Recommended. 
VIII. Confirmatory Experiments IX. Separation from Other FJements: 1. Iron, 
Aluminum and Chromium; 2. Titanium; 3. Cerium; 4. Thorium. X Summary. 

I. Introduction. 

The determination of zirconium in ores and metallurgical products has 
aroused considerable interest during the past year. The method most 
often proposed has tieen the phosphate method originally devised by 
Hillebrand for the determination of the small amounts of zirconium usu¬ 
ally found in ordinary rocks. It is the purpose of this paper to point out 
the danger involved in applying this method to the determination of large 
amounts of zirconium, and to give the modifications of the method which 
have been found to increase its accuracy. 

II. General Principles. 

The phosphate method consists essentially in precipitating zirconium 
from weak sulfuric acid solution by means of alkali phosphate. If titanium 
is present, hydrogen peroxide is added to keep it in solution. Water is 
usually specified by word 5 or by inference* as the washing medium, al¬ 
though acid washes have been recommended. 4 The washed precipitate 
is ignited to constant weight and various factors for its zirconium content 
have been given: 38.38', 3<i.oo : , 38.28 3 %. The zirconium factor for 
ZrPjOi is 34.23% while the factor for the compound 5ZrOj.4PjOs men¬ 
tioned by Hillebrand and described in Gmclin-Kraut 5 is 38.35%,. 

It is evident that the use of any of these factors will not lead to ser¬ 
ious errors on precipitates weighing two or three mg. In case of large 
precipitates the indiscriminate use of these factors cannot but lead to 
serious errors. 

It was in the hope of discovering whether zirconium could be quan¬ 
titatively separated, from ordinary contaminants, as a precipitate which 
would yield a residue of definite composition upon ignition, that the fol¬ 
lowing work was undertaken: 

1 Published by permission of the Director of tbe Bureau of Standards. 

•Johnson, Ckcm, Met. Eng., 20, 588 (1919). 

* Nioolardot and Reglade, Com pi. rend., 168, 349 (1919). 

4 Ferguson, Eng. Mining J., 106, 793 (1918). 

* Gmelin-Kraut, 1886) p. 703. 
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III. Historical. 

The phosphate method was first used by Hillebrand and described by 
him in XI. S. Geological Survey, Bulletin 148 on “The Analysis of Silicate 
and Carbonate Rocks.” The author recommended the method for the 
determination of the small amounts of zirconium usually found in 
rocks (from 0.02 to 0.2%), and the following statements were made: 
“Foe the small amounts usually met with it is safe to assume that the 
ignited phosphate contains jo% of ZrOj (51.8 by theory). If the amount 
is rather large, it may be safer to fuse with sodium carbonate, leach, 
ignite, fuse with pyrosulfate, reprecipitate by ammonia, and weigh as 
ZrOj.” This method has been widely quoted, with the frequent omis¬ 
sion, however, of the qualifying sentences given above. As a conse¬ 
quence, several methods for the determination of the larger amounts of 
zirconium in ores and metallurgical products have recently been pub¬ 
lished which feature the phosphate method and which specify the use of 
a zirconium factor based on Hillebrand's recommendation for the ignited 
phosphate obtained from the very small amounts of zirconium in ordi¬ 
nary rocks. 

Steiger 1 in a brief note dealing with some tests of the method draws 
the following conclusions: 1. SoJutions containing at least 3% and per¬ 
haps as much as 5% (by weight) of free sulfuric acid may be employed 
in the phosphate precipitation. 2. The results indicate that basic phos¬ 
phates are obtained in feebly acid solutions while an increase of acidity 
tends to give the normal phosphate. 3. Sufficiently accurate results can 
be obtained in determining the small amounts of zirconium in the average 
rocks by assuming that the ignited phosphate has the formula ZrPsOj 
and that it contains 46.32% of ZrOj. Steiger’s data, however, demon¬ 
strate conclusively that the composition of the ignited phosphate is ex¬ 
tremely variable. 

More recently, Nicolardot and Reglade 2 have shown that complete 
precipitation of zirconium as phosphate may be obtained in a 20% (by 
weight) sulfuric acid, provided a good excess of the precipitant, ammo¬ 
nium phosphate, be used. They state that for an ignited phosphate 
obtained from a neutral solution the ZrOj factor 0.4870 is indicated. For 
a 20% acidity, however, their results indicate 0.493 as the ZrOj factor. 

IV. Precipitation of Zirconium Phosphate. 

Factors which must be considered in the precipitation of zirconium as 
phosphate are (1) permissible acidity; (2) excess of precipitant required; 
(3) effect of hydrogen peroxide; (4) precipitation temperature. The 
results of an investigation of the effect of these variables, which was 

1 J. Wash. Acad. Sci„ 8, 637 (1918). 

1 Compi, rend.. Lot. cil. 
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carried on at this Bureau before the publication of the article by Nicolardot 
and Reglade 1 are summarized below. 

I. Permissible Acidity. —Table I gives a summary of the work deal¬ 
ing with the effect of variations in acidity. 

Table 1 —Effect of Variations in Acidity 
ZrOj Taken 00116 g Total volume, 300 cc 
P1O1 added ZrOi found 



HjSO« 

X theory 

Ppt 

calculated 

Error 


(So RT t 84 ) 

<Zr 2P ) 

obtained 

on b*«is 

G 

Expt 

% by voi 

O 

C 

ZrPjOj 

ZrOj 

1 

0 5 

IO 

0 0451 

O O209 2 

—0 0007 

2 

0 5 

IO 

0 0455 

O 0211 2 

—O 0005 


1 0 

IO 

0 0461 

O 0214 

-O 0002 

4 

1 0 

IO 

0 0466 

O 0216 

—O OOOO 

5 

1 0 

100 

O 0462 

O 0214 

- O 0002 

6 

5 0 

10 

0 0463 

O 02X4 

- O 0002 

7 

5 0 

10 

O 0460 

O 0213 

—0 0003 

8 

5 0 

100 

O 0460 

O 0213 

—0 0003 

9 

10 0 

io 

O 0439 

O 0203 

-—0 0013 

10 

10 0 

10 

0 0442 

0 0205 

—0 0011 


The data show that with moderate excess of the precipitant (io times 
the theoretical requirement), 5 % of sulfuric acid by volume is the max¬ 
imum allowable excess acid in a cold precipitation This bears out the 
prediction of Steiger 1 Nicolardot and Reglade 1 working with tepid solu¬ 
tions and a much greater excess of the precipitant found that precipita¬ 
tion was complete in a solution containing zo r { by weight of sulfuric acid. 
This observation has been confirmed at this Bureau 
Tile data also indicate that with acidities of o 5% and lower, basic 
zirconium phosphates are formed, an observation which was also made 
by Steiger. 

2. Excess Precipitant Required. —Table II gives the data obtained 
by carrying out the precipitations with various amounts of the pre¬ 
cipitant 

Table II —Effect of Various Amounts of Preciittamt 
ZrO* Taken 00216 g Total Volume, 300 cc 
P»Oi added ZrOt found 


hxpt 

HiSOi 

(Sp «r 1 84 1 
% by vol 

X theory 
<Zr :p > 

G 

»*p> 

obtained 

C. 

calculated 
on basis 
ZrPjOr 

Error 

G 

ZrOj 

I 

I 

2 

O 0379 

0 0176 

—O 0040 

2 

1 

5 

O 0453 

O 0310 

—0 0006 

) x ■ 

1 

10 

O 0461 

O 0214 

—O 0002 

4 

1 

100 

O O46J 

O 0214 

—O 0002 

5 

5 

2 

0 03 So 

O 0176 

— O OO4O 

6 

5 

5 

0 0413 

O 0191 

—O 0025 

7 

5 

to 

0 0463 

O 0214 

—O 0002 

8 

S 

100 

0 0460 

O 02X3 

—O 0003 


1 toe. ai 

! Qualitative test showed complete precipitation of zirconium. 
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The above experiments show that a precipitate of normal composition 
cannot be obtained unless a fair excess of soluble phosphate is used, the 
excess varying directly with the acid concentration. Nicolardot and Reg¬ 
lade succeeded in getting complete precipitation in an acidity as high as 
20% sulfuric by weight by using a very large excess of the precipitant. 

3. Effect of Hydrogen Peroxide.—Since Hillebrand’s method calls 
for the use of hydrogen peroxide when titanium is present, the tests given 
in Table III were carried out to determine whether peroxide disturbed 
the reaction. 

Tabu; III.—Expect op Hydrogen Peroxide. 

ZrOj Taken, o 0216 g. Total Volume. 300 ce. 



H1SO4 

FsO* added 

HiO, 

Ppt 

ZrOs fouud 
calculated 

Error 


(Sp gr 1 84 ) 

X theory 

obtained 

on basis 

G. 

Eipt. 

% by vol 

(Zt 2P ) 

Cc 

G 

of ZrP.Or 

ZrOi 

1. 

. . . . IO 

IO 

TO 

0 0462 

O 0214 

-O 0002 

3. 

1-0 

TOO 

TO 

0 0463 

OO214 

-O 0002 

3. 

50 

IO 

IO 

0 0460 

O 0213 

—O 0003 

4. 

5 0 

IOO 

IO 

0 0463 

0 0216 

—O OOOO 

5. 

.... 11.5 

TOO 

None 1 

0 0458 

0.0212 

—0 0004 


The experiments show that hydrogen peroxide has no disturbing effect 
on the phosphate precipitation. The last test was carried out to estab¬ 
lish whether excessive amounts of acetanilide which might be introduced 
with peroxide would disturb the precipitation. 

4. Precipitation Temperature.— Table IV gives data obtained in 
phosphate precipitations which were carried on at room temperatures 
and by digestion on the steam bath followed by filtration of the hot 
solutions. 

Table IV.—Expect op Temperature 

ZrOj Taken, 0.0216 g. Total Volume, 300 cc. PjOt added, 10 X Theory (Zr 2 ('). 


Temp of ZrOt found 



H*SO«. 

precipitation 

Ppt 

calculated 

Error 


(Sp gr. 1.84 ) 

and 

obtained 

on bums 

G 

E«pt. 

% by vol. 

filtration. 

G 

ZrPjOr 

ZrOj 

I. .. 

X 

Cold 

0,0461 

O.O214 

—-0.0002 

2. . . 

1 

Hot 

0.0452 

0.0209 

—O 0007 

3... 

5 

Cold 

0.0463 

0.0214 

—O 0002 

4. 

5 

Hot 

0.0434 

O.0201 

—0.0015 

5... 

10 

Cold 

0.0459 

O.0203 

—0.0013 

6... 

10 

Hot 

0 0410 

0.0190 

—0.0026 


The data demonstrate that the solubility of zirconium phosphate 
increases markedly in hot acid solutions. Undoubtedly the solubility in 
hot solutions could be decreased by adding a larger excess of the pre¬ 
cipitant. At the time these experiments were performed no particular 
advantage resulting from the use of hot solutions was anticipated; con¬ 
sequently the tests were not pursued further. Nicolardot and Reglade, 
1 0.0059 g. acetanilide added; total volume here 100 cc. 
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however, have demonstrated that precipitation is complete in luke warm 
or tepid solutions of high acidity, provided adequate phosphate is used. 

The experiments which arc given in Tables I, II, III and IV demon¬ 
strate that complete precipitation of zirconium as phosphate of definite 
composition may be had in cold or tepid solution containing: (1) hydro¬ 
gen peroxide, (2) sulfuric acid ranging from 2 to 20% by weight and (3) 
secondary ammonium phosphate in 10 to 100 times the theoretical re¬ 
quirement. 

V. Washing the Precipitate. 

Since water is the washing medium usually employed in the phosphate 
determination, qualitative tests were carried out to determine whether 
zirconium phosphate is soluble in water or whether it suffers hydrolysis 
during the washing operation. It was found that no zirconium what¬ 
ever could be obtained by treating with ammonium hydroxide the water 
washings of zirconium phosphate precipitates. It was found, however, 
that very considerable amounts of phosphoric acid were present in wash 
waters obtained hv washing with water, zirconium phosphate precipitates 
which had first been thoroughly washed with $ r ' ( ammonium nitrate. 
This observation was verified quantitatively and in Table V are shown 
the differences noted between determinations which were varied only in 
washing treatment. 

Table V— Effect of Washixc Treatment 
Total Weight of Solution, too g Total Volume Wash Soln . .too cc ZrO, Taken, 
00216 g HjS(>«, 20*, by Weight P,Os added, 100 X Theory (Zr : 2P). 

ZrOi found 



YV-iah 

Ppt 

calculated 

Error 


solution 

obtained 

on 

G 

Expl 

11“ C<1 

C. 

ZrPrOt 

ZrOi. 

I. . . . 

11,0 

0 0438 1 

O 0203 

—O.OOI3 

2 . . 

. H ,0 

0 0445’ 

O 0206 

—0.0010 

3 . ■ 

. NH4NO15% 

0 0458* 

O 0212 

—OOOO4 

4 . 

. NTUNO, sTi. 

0 0461* 

0.0214 

—0.0002 


The data in Table V demonstrate that no definite composition can be 
ascribed to an ignited water-washed phosphate and that use of a cold 
5% ammonium nitrate solution almost entirely overcomes the tendency 
toward hydrolysis. 

VI. Ignition of Precipitate. 

Nq special precautions were given by Hillebrand for the ignition of 
the phosphate precipitate and none are necessary for the small amounts 
encountered in ordinary- rock analysis. It was soon found, however, at 
this Bureau that the ignition of zirconium phosphate precipitates weighing 
approximately 0.02 g. was a hard problem because of difficulty in burn¬ 
ing off carbon and the marked tendency of the precipitate to decrepitate. 

1 Washings gave negative tests for xlrconium but heavy tests for PjO». 

' Washing* gave negative teats for zirconium and very Joint tests for PiQ*. 
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Nicolardot and Reglade call attention to the decrepitation of the phos¬ 
phate and they also state that the final ignited product is gray-white. 
A water-washed precipitate such as they obtained does exhibit a strong 
tendency to decrepitate and it is also difficult to burn white. In fact, 
we have sometimes obtained from water-washed precipitates black resi¬ 
dues of excessive weight which resisted all ignition treatments, including 
ignition in oxygen. The use of a properly prepared Gooch crucible ob¬ 
viated all these troubles but was not adopted as a standard procedure 
since it does not permit of convenient examination of the final weighed 
product. The ammonium nitrate wash which was finally adopted leaves 
the paper and the precipitate in the most desirable condition for the 
ignition, and a pure white phosphate can be obtained provided the pre¬ 
liminary ignition is carried on at a low temperature. Decrepitation 
difficulties are less marked, but with precipitates weighing more than 
0.005 g- ignitions should be cautiously carried on with crucibles partly 
covered, particularly at the stage when the carbon envelope is burning 
away. The final ignition should be done over the blast lamp or M 6ker 
burner for 15 minutes. Zirconium pyrophosphate is not hygroscopic as 
is shown in Table VI. 

Table VI.— Exposure or Ignited Pyrophosphate 

Wt of Zrl'iOt 

After After 4 horns’ tx 

Expt ignition posture to atmosphere 

1 o 0920 o 0919 

2 . o 0463 O 0463 

VII. Procedure Recommended. 

The procedure following is a modification of that published by Nicol¬ 
ardot and Reglade. 

A. Volume oj Solution .—From 25 cc. for small amounts (0.0005 K- 
ZrOj) to 200 cc. for larger amounts (0.1 g.). 

B. Acidity. —20% sulfuric add by weight. 

C. Hydrogen Peroxide .—Sufficient to keep titanium dioxide perox- 
idized; 10 cc. will do no harm. 

D. Precipitant .—.Secondary ammonium phosphate in excess. From 
10 to 100 times the theoretical requirement as expressed by the ratio 
Zr: PjOi should be used. The larger excess is desirable when small 
amounts of zirconium dioxide are to be determined. 

E. Precipitation conditions. 

1. Temperature. Cold or 40-50 preferably the latter. 

2. Time. Two hows for amounts of zirconium dioxide in excess of 

0.005 g- hows or longer for smaller amounts. 

F. Filtration. —Warm; decant as much supernatant liquid as possible 
to avoid dogging the filter. 



ZIRCONIUM BY THE PHOSPHATE METHOD. 1807 

G. Washing. —With cold 5% ammonium nitrate solution 

H. Ignition .—Very careful ignition in a partially covered platinum 
crucible over a low flame until the filter paper carbon is destroyed, Id- 
lowed by blasting or its equivalent 

Vm. Confirmatory Experiments. 

The results given in Table VII which were obtained by the procedure 
recommended, demonstrate that the method is reasonably accurate 
Table VII— Results with Recommended Procedure 

HrSO,, 20% by Weight, Total Volume of Solution, 100 cc fNH ( ),HPO, Taken, 
log, Wash Solution, 5 % NH,NOj 
/r 7 ,rOt found 




TlOr 

phosphate 

calculated 

ZrO 

T)iff 


H1O1 

added 

weighed 

on basis 

h tided 

G 

Hxpl 

Cr 

G 

/rPjO G 

G 

ZrQt 

I 

IO 

none 

O 0014 

O 0006s 

0 00064 

+0 OOOOl 

2 

10 

none 

0 0023 

O 00106 

0 00107 

— 0 OOOOl 

3 

IO 

none 

O 0040 

O OO185 

0 00193 

—0 00008 

4 

IO 

0 0990 

O 0022 

O 00102 

0 00107 

—0 00005 

5 

none 

none 

0 045.1 1 

O 02 10 

0 0216 

—0 0006 

6 

none 

none 

0 0458 

O 0212 

0 0216 

—0 0004 

7 

10 

none 

0 0461 

O 02 14 

0 0216 

—0 0002 

8 

10 

none 

<> 0457 

O 0212 

0 0216 

—O 0004 

9 

notie 

none 

<* «+sR 

O 0212 

0 0216 

—O 0004 

IO 

none 

none 

0 0920 1 

O 0426 

0 0411 

—<O 0005 


It will be noticed that the value'- obtained arc slightly lower than 
theoretical amounts This was expected on account of the slight hydrol¬ 
ysis during the washing of the precipitate and the difficulty in preventing 
losses due to decrepitation. 

IX. Separation from Other Elements. 

1. Iron, Aluminum and Chromium - Nicolardot and Reglade have 
shown that a perfect separation from aluminum, chromium and iron can 
be had by the procedure outlined. 

2. Titanium .—Before the publication of the paper of Nicolardot and 
Reglade, tests made at this Bureau demonstrated that complete separa¬ 
tion from titanium was possible by one precipitation in the presence of 
hydrogen peroxide in solutions of lower acidity than 20 c ' ( by weight. A 
summary of the results obtained is given in Table VIII. 

* Table VIII - Separation ekom Titanium 



no 

2rOa 


/,t IV h 

ZrO- 

Error Results of colon m- 

Expt 

No 

added 

added 

HjSO, 

obtained 

cqulva 

G 

eter tests of 

G 

G 

present 

G 

lent G 

7rO» 

ignited residues 

1 . 

O 0990 

0 00107 20 % by wt 

O 0022 

O 00102 

—O 00005 

Ti-famt trace’ 

2.. 

O 0198 

0 0216 

1 % by vol 

0 0461 

O 0214 

—O 0002 , 

Ti-famt trace’ 

3 

l 

0 0198 0 0216 

Decrepitation 

j% by vol 

O O464 

O 0215 

—O OOOl 

Ti-falnt trace’ 


* hew than o 00005 g, of TiO». 
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j. Cerium .—The data given in Table IX show that zirconium can be 
quantitatively separated from cerium present in either of its valences. 
Table IX.— Separation prom Cbrittm, 



ZrOi 

added 

Cerium oxide 

11*0* 

ZiT,Ot 

ZrOt 

calculated 
on basis 

Error G 

Expt. 

G 

added G 

Cc 

found 

ZtPjOt 

ZrOj 

I . 

.. 0 0216 

0 0246 CejOi 

□one 

O 0457 

0.0212 

—0.0004 

2. 

.. 0 0216 

0 0246 Ce.O, 

10 

0 0453 

O 0210 

—0.0006 

3. 

.. 0 0216 

0 0246 CeOs 

none 

0 0449 

0 0208 

— 0 0008 


4. Thorium .—The data given in Table X show that zirconium can be 
quantitatively separated from thorium by the method given. 

Table X —Separation prom Thorium 


Expt 

ZrOj 

added 

G 

ThO* 

added 

G 

fltSOi 
iSp xr 

1 84 ) 
Cc 

HjOj 

C c 

UPOt 

c. 

ZrPtOj 

found 

ZrO* 

calculated 
on bast a 

ZrPiO* 

Error G 
ZrO» 

1. 

0 0216 

0 0263 

11 5 

none 

I 

O 0470 

O 0218 

+0 0002 

2... . 

0 0216 

0 0263 

11 5 

10 

I 

0 0465 

O 0215 

—O OOOI 


X. Summary. 

From the above experiments made at the Bureau of Standards and 
elsewhere, the following conclusions may he drawn • 

1. Zirconium can be quantitatively precipitated as secondary zirconium 
phosphate in cold or tepid solutions containing from 2 to 20% by weight 
of sulfuric acid, provided a 10-100-fold excess of the precipitant diam¬ 
monium phosphate, is used. 

2. Hydrolysis, which occurs when the phosphate precipitate is washed 
with water, can be almost entirely avoided by the use of a cold 5% am¬ 
monium nitrate washing solution. 

3. Zirconium pyrophosphate, for which the Z1O2 factor is 0.4632, is 
obtained upon ignition of a secondary zirconium phosphate which had 
been washed with ammonium nitrate solution. 

4. No definite composition can be ascribed to a compound resulting 
upon ignition of a secondary zirconium phosphate which has been washed 
with water. 

5. Zirconium can be quantitatively separated as phosphate in a 20% 
by weight sulfuric acid solution from iron, aluminum, chromium, cerium 
and thorium. The separation from titanium is satisfactory provided 
hydrogen peroxide is present. 

WitrawotoM, D C 
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GLYCYLARSANILIC ACIDS. 
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The substances discussed in the present communication are closely 
related to the previously described substituted anilides of phenylglycine- 
/>-arsonic acid, 1 but differ from these m the fact that the glycine side 
chain is reversed, the arsonic acid radical becoming a substituent on the 
anilide nucleus, as follows: 


NHCHiCONH 



AsOjHi 

These substances were readily prepared by boiling the sodium salt 
of chloroacetylarsanilic acid with the aromatic amino compound, the con¬ 
densation occurring in boiling aqueous solution within 15 to 30 minutes, 
owing to the reactivity of the chlorine in the former substance. The first 
member of the series, glycylarsanilie acid, was prepared by the use of 
ammonia in this reaction and was accompanied by the formation of the 
secondary imino compound. With the aromatic amines no difficulty 
was experienced in any case and the reaction has proved capable of wide 
extension. We have confined our studies up to the present to those com¬ 
pounds which were prepared for biological imestigation. 

The fundamental compound required in this work was chloroacetyl- 
arsanilk acid. This derivative has already been mentioned in German 
patent 191,548, but as far as we could ascertain it lias not been employed 
for the synthesis of other arsenic compounds. The patent contains a 
method for its preparation by the interaction of arsanilic acid and chloro- 
acetyl chloride, but we have found it unsuitable for the preparation of 
the substance in large quantities as the reaction was difficult to control 
and the yields were poor and uncertain. A very serviceable and simple 
means was found for the large scale preparation of c hloroaee ty 1 - arsanilic 
acid, consisting in heating arsanilic acid with an excess of chloroacetic 
acid on the water bath, an excellent yield of the pure substance being 
easily obtained. 

The substituted phenylglyeyl-arsanilic acids resemble in general proper¬ 
ties the isomeric anilides of phenylglycine-p-arsonic acid, functioning 
both as adds and feeble bases. They are but sparingly soluble in the 
1 Twa Journal, 4 t, 1610 (1919)- 
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usual solvents and all have high melting or decomposition points, the ob¬ 
served values depending upon the rate of heating. In general, the sodium 
salts were readily soluble in water. 

Experimental. 

Chloroacetyl-arsanilic Acid, p-HiOjAsC*H«NHCOCHiCl.—A method 
for the preparation of chloroacetyl-arsanilic acid has been given in German 
patent 191,548. In addition to the fact that no full description of the 
substance is given, we have found the following method more service¬ 
able for its preparation in large quantity: 50 g. of arsanilic acid and 150 
g. of dry chloroacetic acid are heated in an open flask on the water bath 
for 2 hours. The mixture gradually forms a clear melt, and towards the 
end the chloroacetyl-arsanilic acid occasionally begins to separate. The 
melt is poured into about a liter of well stirred, saturated sodium chloride 
solution, and the precipitated arsonic acid is filtered off and washed well 
with water. Yield, 50 g. A portion of the acid was dissolved in hot 
water, treated with bone black, and the filtered solution cooled rapidly 
in order to prevent decomposition. Under these conditions it separates 
as minute, lenticular platelets and toothed leaflets which contain no water 
of crystallization and which darken when rapidly heated, but melt and 
decompose only when the temperature of the bath is held at 285° for a 
few moments. The acid is readily soluble in hot alcohol, somewhat less 
so in boiling water or acetic acid, and sparingly soluble in the last two 
in the cold and in acetone. It is slowly acted upon by prolonged exposure 
to moist air. 

Subst, 0.1867 (Kjeldahll, 62s cc 01 A' HCi Subst., 0.1342 (Carius), AgCJ< 
0.0634. 

Subst., 0.2824; MgjAsjO;, o 1481 

Calc, for C,H» 0 ,NCIAs N, 477; Cl, 1208, As, 23.53. Found - N, 4.69; Cl, 
11.69; As, 25.31. 

Practically as good an analysis was obtained on the crude product, 
and this was used in all of the following preparations: 

Glycyl-p-arsanilic Acid, p-HtNCH 5 CONHCeH,AsO a H 5 .—20 g. of 
chloroacetyl-arsanilic acid were added to 100 cc. of cone, aqueous am¬ 
monia, warmed gently to about 30 0 until solution was complete, and al¬ 
lowed to stand overnight. The excess of ammonia was then boiled off 
from the clear solution, causing the crude reaction product to crystallize. 
After cooling this was filtered off, 12 g. being obtained. The product was 
purified by treating with dil. hydrochloric add, avoiding a large excess 
on account of the consequent precipitation of the hydrochloride of the 
glyrine. After filtering off the itniuo compound (see below) the crude 
glycylanrinophenyl-arsonic add was predpitated by adding sodium ace¬ 
tate. For further purification it was dissolved in just enough dil. sodium 
hydroxide solution and then predpitated by means of a stream of carbon 
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dioxide. A repetition of the final purification was necessary before good 
analytical figures could be obtained, a considerable loss of material also 
taking place. The pure amino add forms minute, toothed, glistening 
plates which are anhydrous, do not melt below 295 and are very diffi¬ 
cultly soluble in boiling water or 50% alcohol It functions as a very 
weak acid, being soluble only in an excess of weak bases, such as ammonia, 
and is displaced from its salts by carbon dioxide 

Subs , o 1328, 11 8 cc N (24 5“, 731 mm ) Subs , o 3101, MgsAsjCb, o 1743 
Calc for C*HnOtNjAs N, 1022, As, 2734 Found N T , 1008, As, 27 12 

Iminobisacetyl-f-arsanilic Add, (p-HiOaAsCsHA’HCOCHiJjNH— 
The hydrochloric add-insoluble fraction obtained in the preparation 
of the p-glycylarsamlic add was dissolved in dil. sodium hydroxide solu¬ 
tion, predpitated with an excess of hydrochloric acid, further purified 
by a repetition of this process, and finally recrystallized by dissolving in 
hot, dil ammonium hydroxide and adding acetic acid m excess. The 
imino acid separated as glistening resets of microcrystals Before filter¬ 
ing, the solution was cooled and acidified to congo red with hydrochloric 
acid. The substance darkens at 280-5° without melting, and is prac¬ 
tically insoluble in the usual solvents 

Subs , o 1318, 9 2 cc N (29 o°, 737 mm 1 Subs o 3401, MgtAstO , o 1987 
Calc for CiJInO,NjAs, N, 7 92, As, 28 23 Found N. 7 86, As, 28 19 

A r -Methylglycyl-p-arsanilic Acid, p CH a NHCH.CONHC 6 HsAsOjH* 

A strong methylamine solution was prepared by treating 25 g. of methyl- 
amine hydrochloride with 60 g of well chilled, 25' r sodium hydroxide 
solution Without removing the precipitated sodium chloride, 5 g. of 
chloroacetylarsanilic acid were added. On allowing to warm to room 
temperature and breaking up the lumps with a rod, the acid soon dis¬ 
solved After 24 hours’ standing the excess of methylamine was removed 
on the water bath and on diluting the residue and acidifying strongly 
with acetic add the arsonic acid slowly crystallized. Recrvstallized 
from water it separates as long, silky, glistening needles which contain 
approximately two molecules of water of crystallization. The yield was 
2 g. It turns brown at a tout 250° but does not melt below 275°. It is 
practically insoluble in hot alcohol and is not very freely soluble in boiling 
water It dissolves in dilute mineral acids and on adding sodium nitrite 
to the solution in dil hydrochloric acid the nitroso derivative deposits on 
rubbing as sheaves and spheres of microscopic needles. 

Subs , air-drv, o 3641, loss, o 0670 in vacuo at ioo° over H,SO,. 

Calc for C*HuO<N,As aHjO H, 0 , 11 12 Found- 11 8j 

Subs , anhydrous, o 1864 (Kjeldahl), 12 85 cc 01 N HC 1 Subs , o 2633, Mg,AsiO„ 
0 1404 

Cafe for CtHiiOtKiAs N, 9 73, As, 2600 Found' N, 966. As, 25 72 

iV-Phenylglycyl-p-arsanilic Acid (A 7 -Phenylglycineftnilide-p'-arsonic 
Acid), p-C«H»NHCHjCONHC«H*AsO*H». — This substance, isomeric 
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with phenylglycineanilide-p-arsonic acid, 1 was prepared as follows: a g. 
of aniline in 15 cc. of alcohol were added to a solution of 4.5 g. of chloro- 
acetyl-arsanilic acid in 15 cc. of N sodium hydroxide solution. The solu¬ 
tion was boiled for l /* hour under an air-condenser, finally setting to a 
crystalline cake. The yield of acid was 4.4 g. Recrystallized from 50% 
alcohol the arsonic acid forms delicate, felted needles which are almost 
insoluble in boiling water. When heated it darkens slightly, but does 
not melt below 280°. When a suspension of the acid in hot 50% acetic 
acid is treated with excess sodium nitrite it dissolves at once, the nitroso 
compound soon crystallizing from the solution as nacreous plates. 

Subs., 0.3260; (Kjeldahi; 18 70 cc o 1 If HCl; Mg*AsiO;, o 1433. 

Cak for ChHuCLNiAs N, S no; As. 21.39 Found N, 8.04; As, 21.24. 

m-Oxaminophenyl-glycyl-g-arsanilic Acid, m-HChCCONHCsH^H- 
CHjCONHC<iH,AsO;iH2(p'). —12 g. of ehloroacetyl-arsanilic acid and 
7.2 g. of !K-amino-oxanilic acid 2 were dissolved in 80 cc. of N sodium 
hydroxide solution and Ijoiled for 20 minutes. The small amount of 
crystalline material which separated on cooling was filtered off and 
the filtrate made acid to Congo red. A dark-colored gum separated, 
but the supernatant liquid, on standing overnight, deposited a 
crystalline crust. This was dissolved in very dilute aqueous ammonia 
and hydrochloric acid added to the solution until a faint turbidity per¬ 
sisted. This contained much coloring matter and was filtered off. It 
was found that if hydrochloric acid was added directly to the filtrate only 
a caseous precipitate could be obtained, but if acetic acid was first added 
in sufficient amount and then hydrochloric arid until definitely blue to 
congo red paper, the solution, when seeded, deposited the hydrochloride 
of the oxamino acid as aggregates of microscopic plumes, which gradually 
lost hydrochloric acid on standing in moist air. 

Subs., 0.1546; 120 cc N (175°, 75° nun ). Calc, for C 1 ,H,, 0 ,N l As.HCl: N, 
8 .88. Found: 9 00. 

A portion of the hydrochloride was boiled with water, causing a change 
in physical appearance and the elimination of hydrochloric acid. The 
free oxamino acid was filtered off, washed well with hot water, and air- 
dried, one molecule of water of crystallization being retained. The sub¬ 
stance is practically insoluble in boiling water and very sparingly so in 
50% alcohol. When rapidly heated to 175", then slowly, the anhydrous 
acid effervesces at 179with preliminary softening and darkening. 

Subs., air-dry, 05870; loss 00249, at ioo° in vacuo over H1SO4. 

Calc, for C,iH,iQ t N*As HjO: H, 0 , 396. Found: HjO, 4.24. 

Subs,, anhydrous, 0.1412; 11.85 cc. N (23.5°, 757 mm.). Subs., 0.3966; Mgr 
AsiO,, 0.1389. 

Calc, for CwHikOjNiAs: N, 9.61; As, >7.13. Found; N, 9.62; As, 56.90. 

1 This Jouks al, 41, 1613 (1919). 

% Ibid., 39, 143s (1917)- 
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p-Aminophenyl-glycyl-p-arsanilic Acid, p-HjNCJI 4 NHCH 2 CONH- 
C«H 4 AsOjHj.— 8 g. of p-acetamino-phenylglycineanilide-p'-arsonic acid 
(see below) were boiled with 8 parts of 1 : 1 hydrochloric acid for 6 minutes, 
cooled rapidly, shaken with bone black, filtered, and treated with saturated 
sodium acetate solution until the disappearance of the Congo red reaction. 
The precipitate was filtered off, dissolved in dil. hydrochloric acid, and 
the solution filtered and treated again with sodium acetate. The amino 
acid separated as microcrystalline aggregates which tended to become 
colloidal on washing with water. The yield was 4 5 g. When rapidly 
heated the acid darkens and sinters, but does not melt below 280°. It is 
soluble in dilute mineral acids and alkalies and is practically insoluble in 
boiling water and very sparingly so in boiling so r ( ' alcohol. It is readily 
diazotized, giving a red color with R-salt. 

Subs., 0.1425; 14.15 cc. N (215°, 751 mm.). Subs, 0.3254; MgjAsjO:, 01367. 

Cale. for CnHirGiN»As N, 11.51; As, 2052. Found- N, 11 38: As, 20.27. 

p-Acetaminophenyl-glycyl-p-arsanilic Acid.—Starting with 6 g. of p- 
aminoacetanilide, the reaction product began to separate after a few min¬ 
utes, the heating being continued for one hour on the water bath. The 
yield of crude acid was 12 g. This was converted into the sodium salt 
by dissolving in warm, dil. sodium hydroxide solution, and salting out 
the neutral solution with saturated sodium acetate solution. Recrystal¬ 
lized from water containing a small amount of sodium carbonate to 
prevent hydrolysis to the free acid, it separated as flat, glistening needles 
which contain 7 molecules of water of crystallization when air-dry. It 
may also be precipitated from its aqueous solution by the addition of 
alcohol. 

Subs., air-dry, 0.4734; loss o 1057 at 100 0 t» vacuo over H,SO,. 

Calc. for 7H,0: H, 0 , 33.72. Found: 22 32 

Subs., anhydrous, 0.2998; (Kjcldahl) 20.50 cc. 01 X HC! Subs., 0.3346; 
MgjAa/),, 0.1193. 

Calc, (or ChHkOsNjAsNb- N, 9.79; As, 17.45. Found N, 9.58; As, 17 33. 

On treating a hot dilute solution of the sodium salt with acetic acid, the 
free arsonic acid separated slowly as glistening, hexagonal platelets. 
It does not melt below 275 0 and is very sparingly soluble in boiling water 
or 50% alcohol. 

Subs., 0.2117; (KjeldahJ) 15.4 cc. 0.1 N HC 1 . 

Calc, for Ci,H,,OiNjAs: N, 1032. Found: 10.19. 

p-Oxaminophenyl-glycyl-p-arsanilic Acid.—14 g. of chloroacetyl-arsan- 
ilic acid and 8.4 g. of p-amino-oxanilic acid 1 were boiled with 94 cc. of N 
sodium hydroxide solution for */* hour, the product separating after about 
10 minutes. The yield was 16.5 g. Reprecipitated from very dilute, hot 
ammoniacal solution with acetic acid, the arsonic arid separates as slightly 

1 This Journal, 39, 1459 (1917)- 
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purplish aggregates of microscopic crystals containing i .5 molecules of water 
of crystallization. It is almost insoluble in boiling water, very sparingly so 
in boiling 50 % alcohol, and, when anhydrous, darkens above 200°, but 
does not melt below 275 0 . On heating with aqueous alkali in attempts 
to hydrolyze the oxamino group the principal products recovered were 
either the unchanged oxamino compound or arsanilic acid, depehding on 
the length of heating and the strength of alkali. Heating, however, 
with 1 • 1 hydrochloric acid yielded the amino compound. 

Subs., air-dry, o 4539, loss, o 02Si »» varuo at 100° over H,SO, 

Calc tor CuHuO.NiAs 1 5H 2 0, H,0, 3 82 Found: 6 19 

Subs , anhydrous, o 1441, 12 2 cc N (24 0°, 754 mm ). Subs , o 4027, MgjAsjO,, 
0.1418 

Calc, for Ci 6 Hi e 0 7 NiAs N, 961, As, 17 13 Found- N, 965; As, 1699 

p-Oxamylaminophenyl-glycyl-/>-arsanilic Acid, p-HjNCOCONHCeH, 
NHCH 2 C0NHC 6 H 4 AsO3H2.—21 g. of chloroacetyl-arsanilic acid were 
dissolved in 70 cc of N sodium hydroxide solution and added to a boiling 
solution of 12 6 g. of p-amino-oxanilamide’ in about 300 cc of water. On 
continuing the boiling the product separated as a partly gelatinous mass 
which gradually crystallized. After '/i hour the hot solution was filtered 
and the precipitate washed with hot water. It was then suspended in a 
large volume of hot water and treated with sodium carbonate solution 
until only a small, gelatinous residue remained. The mixture was treated 
with bone black and filtered through a hot-water funnel in order to pre¬ 
vent deposition of the sodium salt on the filter. The filtrate was warmed 
and treated with sodium acetate until crystallization of the salt commenced 
and was then let stand in the refrigerator. On treating a very dilute, 
hot solution of the salt with acetic arid, the free ar.sonic acid separated 
as dusters of microscopic needles in a yield of 6 5 g. It is practically in¬ 
soluble in boiling water or 50% alcohol, and does not melt below 285° 
Subs , o 1299, 14 65 cc N (24 0°, 763 mm ) Subs , o 2065, MgiAsjO,, o 0723 
Calc for C lt Hi-O s N4As N, 12 83, As, 17 19 Found. N, 13 02, As, 16.90. 

p-Uraminophenyl-glycyl-p-arsanilic Acid, p-HiNCONHCtHiNHCHj- 
CONHCsH4AsOaH 2 . —12 g. of chloroacetyl-arsanilic acid, 6 i g. of 
p-axninophenylurea, 2 40 cc of N sodium hydroxide solution, and 20 cc. of 
saturated sodium acetate solution were boiled for V2 hour. On cooling 
a small amount of precipitate was filtered off and the solution then satura¬ 
ted with sodium acetate and let stand in the ice-box. After 24 hours the 
precipitate of sodium salt was filtered off, washed with 85% alcohol, dis¬ 
solved in warm water, treated with bone black, filtered, and the add 
precipitated from the filtrate by means of acetic acid. The yield was 7 g. 
The uramino add separates as spherular masses of microscopic leaflets 

1 This Jooknau, 39, 1461 (1917) 

* Ibid , 39, 1436 (1917) 
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which dissolve in boiling 50% alcohol and very sparingly in water. When 
rapidly heated it changes color above 150° and darkens markedly at 
about 210 0 , but does not melt below 285°. 

Subs., 0.1471; 17.7 cc. N (26.0°, 762 mm.). Subs., 0.1858; Mg 2 AsaO ; , 0.0696. 

Calc, for CijHnOiNtAs- N. 13 72, As, 1835. Found: N, 13.78; As, 18.08. 

m-Hydroxyphenyl-glycyl-p-arsanilic Acid, w-HOCoHuNHCHjCONH- 
CsHUAsOjHj.—S ince the oily reaction product from 11 g. of m- amino- 
phenol was difficult to obtain in crystalline form, purification was effected 
by conversion into the hydrochloride by adding 100 cc. of 1 : 1 hydrochloric 
acid to the reaction mixture. The salt was filtered off and washed with 
10% hydrochloric acid. A portion, recrystallized from 10% hydrochloric 
add, separated as slightly purplish microcrystals which blacken above 
140° but do not melt up to 280°. The hydrochloride loses most of its 
halogen on boiling with water. 

Subs., 0.2152 (Kjeldahl), 10.6 cc oi $ HCI. 

Calc, for CiiHuOkNjAs HCI N, 6 96 Found 1 6 90 

The main portion of this salt was suspended in water and dissolved by 
the addition of sodium hydroxide solution. On acidifying with hydro¬ 
chloric acid until just faintly acid to congo red a considerable amount of 
gummy material was precipitated and was collected with bone black and 
quickly filtered off. The clear, almost colorless filtrate deposited the 
crystalline arsonic acid on scratching. It was purified by again dis¬ 
solving in dil. sodium hydroxide solution and acidifying with an excess 
of acetic acid. The pure arsonic acid separated as pale pink, wedge- 
shaped, microscopic prisms which contained 3 5 molecules of water of 
crystallization after air drying. The yield was 15 5 g. On rapid heating 
the arsonic acid melts at about 8o° in its water of crystallization, but 
rapidly resolidifies. On further heating it turns purple at about 180° and 
then gradually softens and chars as the temperature is raised. It is easily 
soluble in ethyl or methyl alcohol or acetone. It dissolves less readily 
in glacial acetic acid and then separates on scratching in a different form, 
presumably owing to dehydration. Dilution with water redissolves the 
crystals. It dissolves readily in boiling water and separates on cooling 
as a caseous mass. 

Subs., air-dry, 0.6257; loss, 00893 < n kkko at 100° over HtSO,. 

Calc, for C..iOiN,As.3.5H, 0 : HjO, 14.68. Found. 14.27. 

Aibs., anhydrous, 0.1682; (Kjeldahl) 9.35 cc. 001 N HCI. Subs., 0.2541; 
Mg.As. 0 ,, 0.1064. 

Calc, for CnHj, 0 ,NiAs N, 7.66; As. 20.48 Found. N, 7.78; As, 20.21. 

p-Hydroiyphenyl-glycyl-p-arsanilic Acid.— -(From 4.5 g. of p-amino- 
phenol.) After a few minutes the reaction product separated from the 
clepr solution and the mixture was then transferred to the water bath 
and heated one hour. For purification the precipitate was dissolved by 
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neutralization of an aqueous suspension with sodium hydroxide, and the 
filtered solution treated with i : i hydrochloric acid until the precipitate 
which first formed had redissolved. The copious precipitate of the hydro¬ 
chloride of the arsonic acid which separated on scratching was filtered 
off. Yield, ii g. On dissolving in a small volume of dil. sodium hydrox¬ 
ide solution and exactly neutralizing with acetic acid, the sodium salt 
separated on standing in the ice-box. Recrystallized from a small volume 
of water, it forms aggregates of microscopic needles which contain one 
molecule of water of crystallization and dissolve sparingly in water at o 9 
and readily on warming. The aqueous solution of the salt gives a slowly 
developing pale lilac color with ferric chloride. 

Sabs., air-dry, 0.3783; loss, o 0143 at 100° in vacuo over HjSO,. 

Calc, for CuHuOiNjAsNa.HjO IfjO, 4.43. Found- 378. 

Sabs., anhydrous, 0.2833; fKicldahl) 14.0 cc. 0.1 N HC 1 ; MgjAs» 0 ;, 0.1134. 

Calc, for Ci,H] ( OsN,AsNa N, 7 22, As. 19.30. Found. N, 6 92; As, 19.32. 

On acidifying a hot solution of the salt with acetic acid the free arsonic 
acid separates as aggregates of microscopic hairs which contain approxi¬ 
mately one molecule of water of crystallization. The substance is almost 
insoluble in boiling water or 50 ', alcohol, and, when anhydrous, blackens 
and sinters above 200°, but does not melt entirely below 280°. 

Subs., air-dry, 0.4903, loss, 0.0265 at ioo° in vacuo over H,SO, 

Calc, for CnHuGsNjAs H ,0 H s O, 4.69. Found- 5.40. 

Subs., anhydrous, o 1532; 10 2 cc. N (21 5°, 750 mm.). 

Calc for CmHuOsNjAs N, 7 65. Found: 7.62 

m-Carboxamidophenyl-glycyl-p-arsanilic Acid, tn-HjNCOC 6 H 4 NHCH r 
CONHCgEUAsOjHsCp).— After one hour 5.5 g. of w-aminobenz- 
amide 1 yielded an oil on cooling which readily crystallized, giving 10.5 
g. of the crude arsonic acid. The neutral solution of the crude acid in 
dil. sodium hydroxide was salted out with several volumes of saturated 
sodium acetate solution, and the sodium salt recrystallized by treating its 
warm concentrated solution with alcohol until a slight permanent tur¬ 
bidity remained. Under these conditions the salt crystallized as radia¬ 
ting masses of flat needles containing one molecule of water of crystalliza¬ 
tion. 

Subs., air-dry, 0.6223; loss. 0.0276 in vacuo at 100 0 over H„SO,. 

Calc, for CuHuOiNiAsNa HjO: HjO, 4.16. Found 4.44. 

Subs., anhydrous, 0.2967; (Kjeldahl) 31.3 cc. 01 N HCI; MgjAsrO,, 0.1098. 

Calc, for CuHttOsNiAsNa. N, 10.13; As, 18.06. Found: N, 10.06; As, 17.87. 

On treating a hot solution of the sodium salt with acetic add, the 
arsonic acid gradually separated on scratching as microscopic needles. 
It is very difficultly soluble in boiling water or acetic add but dissolves 
somewhat more easily in boiling 50% alcohol. When rapidly heated 
to 245 °, then slowly, it darkens and then decomposes at 248°. 

1 This Journal, 39, 1438 (1917). 
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Subs., 0.2137 (Kjeldahl); 23 o cc 0.1 N HC 1 . 

Calc, for CnHnOiNtAs: N, 10.68. Found 10.76 

.V-PhenylglycmeaniUde-w-carboxureide-^'-arsonic Acid, p-HiOjAs- 
C.H < NHCOCH,NHC,HL,CONHCONH 1 (m). — Starting with 5 4 g. of 
m-aminobenzoylurea l a clear solution was rapidly obtained and the arsonic 
acid was deposited during the heating. After cooling and filtering the 
add was suspended in a little water, treated with a very slight excess of 
sodium hydroxide and filtered from a little insoluble material after ex¬ 
actly neutralizing with acetic add. The addition of powdered, crystalline 
sodium acetate to the filtrate yielded the sodium salt. This was dissolved 
in a small volume of hot water and treated with an equal volume of alco¬ 
hol. On standing in the cold the •'alt separated as flat, microscopic needles 
containing 3 molecules of water of crystallization. The yield was 7 3 g 
Subs, air-dry, 0.5948, loss, 00625 m vacuo At ioo° over HiSO, 

Calc, for CitHi«OiN,AsNa iH-O IbU, 10 55 Found 10 50 
Subs , anhydrous, o 1443, 15 35 cc N {23 o°, 756 mm ] 

Subs , o 3214, MgjAsjO-, o 1073 

Calc, for C,,Hi«OiN T ,AsNa N. 1223, As, 1636 Found N, 1221, As, 1611, 

On adding acetic acid to a dilute solution of the salt the free acid sepa¬ 
rated slowly as spherules of microscopic needles which darken when rapidly 
heated and decompose at about 280°. The acid is almost insoluble in 
boiling water or 50% alcohol. 

Subs , o 1441; 15 8 cc N <:o 0°, 758 mm > 

Calc, for Cielli 0 .,N*As X, 12.84 Found 12 74. 

/>-Carboxamidophenyl-glycyl-p-arsanilic Acid, />-H J NCOCf,H ) NHCHj- 
CONHCeHiAsOjHjCp).—This substance, prepared from 5 5 g. of p- 
aminobenzamide, 8 .separated from the boiling reaction mixture within a 
few moments, the heating lieing continued 011 the water bath for one hour 
longer and the arsonic acid then filtered off, washed with water and alco¬ 
hol, and dried. The yield was 13 g It was suspended in about 100 cc. 
of warm water, dissolved by neutralizing with sodium hydroxide, and the 
solution filtered and let stand in the ice box 13 g. of the sodium salt 
separated as glistening platelets containing 2 molecules of water of crys¬ 
tallization. The salt is quite sparingly soluble in ice water, more easily 
on wanning. 

Subs, au-dry, t 0357, loss, 0.0S57 »n vacuo .it too° over H,SO, 

Calc for CuHnOiN,AsNa 2H1Q 11,0,799 Found 827 

Subs., anhydrous, 02993; (Kjeldahl) 21 3 cc 01 .V HC 1 , Mg,As,Oi. a 1135. 

Calc, for C,*HuOiN»AsNa N, 10.13, As, 1806 Found- N, 9.96; As, 1829. 

Addition of acetic add to the filtrate from the sodium salt gave a small 
amount of the free acid as microscopic prisms which do not melt below 
275° and are practically' insoluble in boiling water or 50% alcohol. 

1 This Joitknai., 39, 1439 (1917). 

*Ibid , 39, 1436 (1917), paragraph 2. 
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Subs., 0.3075; (Ejeldahl) 15.6 cc. 0.1 N HC 1 . 

Calc, for CuHuOiNjAs: N, 10.69. Found: 10.53. 

AT-Phenylglycinaaixllide-p-acetamide-p'-arsomc Acid, HsOsAs 
NHCOCHsNH ^ ^ >CH g CONH ; . — (From p-aminopheny 1 -acetamide. 1 ) 
The oil which separated on cooling soon crystallized on rubbing, and after 
dilution of the mixture with water, the crude substance was filtered off, 
washed, and dissolved in dilute aqueous ammonia. On adding a slight 
excess of acetic acid an amorphous imparity quickly separated. Thi9 was 
filtered off, after which the pure acid separated slowly as aggregates of 
microscopic platelets which darken and soften above 180° and decompose 
completely at 256-8°. It dissolves with difficulty in boiling water, more 
easily in boiling 50 % alcohol or acetic acid. 

Subs., 0.1360, 12.0 cc. N (25.5 0 , 761 mm ) Subs, 03314; Mg»A»sOj. 01210. 

Calc, for CisHiaOsNjAs. N, 1032; As, 18.41. Found N, 10 11, As, 18 17 

A'-Phenylglycinanilide-p-acetureide-p'-arsonic Acid, HiOsAsCsHfNH- 
COCHsNHCoHjCIbCONHCOMIi,. - (From p - amino - phenylacetyl - 
urea. 2 ) The clear solution which immediately formed on boiling set 
after a few minutes to a solid mass of crystals and it was necessary to con¬ 
tinue the heating on the water bath. After diluting with water, the 
crude product was filtered off, washed, taken up in a little hot water, and 
treated with sodium carbonate until faintly alkaline. The insoluble, 
gelatinous residue was collected with bone black and the filtrate treated 
with sodium acetate until the sodium salt of the arsonic acid begau to 
separate. The salt was converted into the free acid by addition of acetic 
acid to its hot, dilute solution. The product so obtained was further 
purified by reprecipitating its very dilute, hot, aintnoniacal solution with 
acetic add. The pure arsonic add separated slowly as rosets of micro¬ 
scopic hairs which contained o 5 molecule of water of crystallization. 
The anhydrous compound darkens above 230° and decomposes at 2710-3°. 
It is sparingly soluble in boiling water or 50% alcohol. 

Subs., air-dry, 0,5047; loss, 0.0094 * n vacuo at too 0 over H»SO, 

Calc, for Ci,Hi»OuN»As.o 5H1O: HjO, 1.96. Found. 1.86. 

Subs., anhydrous, o 1409; 15.3 cc N (22.0°, 756 mm.) .Subs , 0.2920, Mg*AstO,, 
0.1017. 

Calc, for CitHhOoNjAs: N, 12.45; As, 16.64. Found. N, 12 49; As, 16.81. 

.V-Phenylglycineanili d e-p-hy droxy ace tic Ether Acid-p'-arsonic Acid, 
H 2 0 »As <f^> NHCOCH 2 HN < OCHjCOOH. —3 g. of chloro- 
acetyl-arsanilic add and 2 g. of p-aminophenoxyacetic add* were dis¬ 
solved in 20 cc. of N sodium hydroxide solution and boiled for '/* hour. 
The crude reaction product was filtered off and recrystallized from 50% 

1 This Journal, 39, 1444 (1917) 

2 Ibid., 39, 2433 (1917). 

• Ibid., 39, 2196 (1917b 
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acetic acid, separating a.v minute, pale brown, wedge-shaped plates con- 
taining i 5 molecules of water of crystallization The acid is almost in¬ 
soluble 111 boiling water or 50% alcohol, and when anhydrous darkens 
above 180 0 and decomposes at about 275 

Subs , air-dry, o 6434, loss o 0404, »n vacuo at 100° over HjSO, 

Calc for Ci«HuO,NjAs 1 jH ,0 HjG, 5 99 Found 6 28 

Subs , anhydrous, o 3070, (Kjcldahl) 14 9 ec o 1 N HC 1 Subs, 03300 M&AsjO?, 
o 1205 

Calc for C»Hi,OiNjAs N, 6 61, As 1767 Found N, 6 8 o, As, 17 62 
Af-Phenylglycineanilide-p-hydroxyacetic Ether Acid Amide-/)'-arsonic 
Acid, p-HjOjAsC«H*NHCOCHtN HCjHcOCH2CONHj(/>) —(From 4 g 
of p-amino phenoxyacetamide *) The new arsonic acid separated al¬ 
most at once and after heating on the water bath for an hour longer it 
was filtered off and washed with water A suspension of the acid in a small 
volume of water was treated with a very slight excess of sodium hydroxide, 
quickly made exactly neutral to litmus with acetic acid, and the dark 
solution filtered After adding sodium acetate to the fittrate the scdtttWi 
salt separated on standing and was filtered off, dissolved in a little water, 
and reprecipitated with one to two volumes of alcohol It crystallized 
in slightly grayish rosets of flat, glistening needles which, after washing 
with 85% alcohol and air-dry mg, contained 4 molecules of water of crys 
talluation The yield was 3 2 g A dilute, aqueous solution of the 
salt gives immediate precipitates with silver or copper 10ns, a slow-form¬ 
ing, crystalline precipitate with Ca ++ , and no precipitate with Ba ++ 

Subs , air-dry, o 5303, loss, 00720 in vacuo at 100° over H,SO, 

Calc for C«H, ()«N»AsNa 4H.0 HjO, 13 93 Found 1357 

Subs anhvdrous, o 1463, 12 4 cc N (24 0°, 750 mm ) Subs , o 3069, MgjAsjO,, 

o 1053 

Calc for CuHi 0 «N,AsNa, X 944 As i(> S4 Found V 9 61, As 16 V9 
The jree aad obtained from the salt with acetic acid separates slowly 
as woolly masses of delicate needles which are practically insoluble in 
boiling water or 50% alcohol and which darken somew’hat but do not 
melt below 265°, 

Subs , o 1484, (Kjeldahl) 10 43 cc 01 N HCt 
Calc for CuHuO,NjAs N, 9 93 Found 9 87 

A'-Phenylglycineanilide-p-hydroxyacetic Ether Acid Ureide- /> -arsonic 
Acid, p-HjOjAsCeH^NHCOCHjNHCfHiOCHiCONHCONHt. — Starting 
with 2 2 g of p amino-phenoxyacctylurea,* the new arsonic add separated 
during the heating The washed product was dissolved in hot, dil. sodium 
acetate solution, filtered, and saturated sodium acetate solution added 
to the filtrate until crystallization of the sodium sail started For final 
purification this was dissolved in a little hot water and the solution treated 
‘ This Journal, 39, 2423 (1917). 
l IM , 39, 2433 <1917). 
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with alcohol until crystallization again started. After letting stand in 
the cold the salt was filtered off, washed with 85% alcohol, and air-dried. 
As so obtained it forms rosets of minute leaflets which contain 4 mole¬ 
cules of water of crystallization. 

Subs., air-dry, 0.4633; loss, 0.0595 in vacuo at 100° over HaSO,. 

Calc, for CuHijOvNtAsNa.rH.O: H 5 0, 12.86. Found: 12.84. 

Subs., anhydrous, 0.1575; 15 4 cc N (22 o’, 764 mm.). 

Calc, for CuHnOiNtAsNa: N, 11.4S. Found, 11.38. 

On acidification of a hot solution of the salt with acetic acid the free 
acid was obtained as feathery' aggregates of minute platelets which are 
almost insoluble in boiling water or 50% alcohol. When rapidly heated 
to 255°, then slowly, the acid decomposes at 257-8° with preliminary 
darkening. 

Sabs., 0.1680; (Kjeldahlj 14 25 cc o r -V HC 1 Subs , o 3140, MgiAsgO-, 0.1034. 

Calc, for CitHuOiNtAs. N, 12.02; As, 1607 Found N, n 88, As, 15 89 

7 V-Phenylglycineanilide-£-glycineamide-p'-arsonic acid, HaOaAs ^ 

NHCOCH2N<( ^>NHCH-iCONHs.—Carefully purified p aminophenyl- 

H 

glycineamide 1 yielded a thick oil which slowly crystallized on rub¬ 
bing and letting stand, and in subsequent preparations crystallization, 
could be, immediately induced by seeding and continued warming on the 
water bath. The mixture was filtered hot in order to eliminate the tar 
which separated from the filtrate on cooling. The arsouic acid was 
washed with hot water, suspended in a considerable volume of hot water, 
and dissolved by adding ammonia. The solution was then treated with 
bone black, and on adding acetic acid to the yellow filtrate the arsonic 
add separated on standing overnight. It forms crusts of spherical ag¬ 
gregates of micro-crystals which become oehreous in color on exposure to 
the air. When air-dried it contains approximately 1 .5 molecules of water 
of crystallization. The anhydrous substance darkens at about 200° 
but does not mdt below 285°, and is rather sparingly soluble in boiling 
water or 50% alcohol. 

Subs., air-dry, 0.7072; loss, 0.0468 in vacuo at 100° over HjSfV 

Calc, for Ci«Hi»0sN4As. 1 sHjO: HjO, 6.02. Found. 6.62. 

Subs., anhydrous, 0.1322; (Kjeldahl) 13.90 cc o.t N • HC 1 Subs,, 0.2610; 
MgjAstOv, 0.0990 

Calc, for CuHuOtN'tAs N, 13.27; As, 17.75. Found' N, 12,78; As, 18.31. 

A r -PhenylgIycineanilide'4,4 , -diarsonic add, H s C)jAsC»H«NHCHaCO- 
NHCuHjAsOsHi.—4.4 g. of arsanilic acid and 6 g. of chloroacetyl- 
arsanilic add were dissolved in 40 cc. of N sodium hydroxide solution 
(2 mols.) and boiled for 30 minutes, during which the product began to 
separate. After cooling, the mixture was treated with an excess of hydro- 

1 Tins Journal 39. M59 (1917). 
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chloric acid to complete the separation. The substance was purified 
by redissolving in dilute alkali and reprecipitating with hydrochloric add. 
It separated at once as sheaves of microscopic needles, which contain 
one-half molecule of water of crystallization. The anhydrous substance 
docs not melt up to 280°. It is insoluble in boiling water and very spar¬ 
ingly soluble in hot 50alcohol 

Subs . air dry, 06798, loss, 00103 tv vacua at ioo° over H,SO, 

Calc for CiJImO NjAsiO SILO HiO, 186 Found 152 
Subs , anhydrous, o 3313, (Kjddahl) 13 4 cc « 1 JV HC 1 , MgiAsjO-, o 2195 
Calc for CuIInO-NjAsj N, 5 gi, As, u 62 Found N, 5 67. As, 31 98 
p-Acetophenyl-glycyl-p-arsanilic acid, p-CHjCOC B H 4 NHCH 2 CONH- 
C«H<AsOjH< t(p).- 28 g of p aminoacetophenone yielded the yellow 
arsonic acid after a few minutes and the heating was continued on the 
water bath for '/. hour. The collected solid was suspended in a moderate 
amount of hot water, treated with sodium hydroxide until faintly alkaline, 
filtered, and the acid reprecipitatcd from the hot solution with acetic acid. 
The purified product was again suspended in hot water, dissolved as 
above, and the solution treated with sodium acetate until the sodium salt 
of the arsonic acid began to separate After cooling and washing with 
cold water the yield was 4 5 g Recrystallized from water, in which it is 
sparingly soluble in the cold, the salt forms minute, narrow, pale yellow, 
glistening, platelets containing 3 molecules of water of crystallization. 

Subs , air-diy, 1 0979, loss, o 125S, in vacuo at ioo° over H,SO, 

Calc for CuiHisOaNjAsNa 3H1O HjO, 1154 Found 1146 
Subs , anhvdrous, o 1620 9 8s cr N (24 0°, 762 mm ' Subs , o 3201, MgjAsjO;, 
o 1187 

Calc for CicH,«OsXsAsNa N, 6 76, As, 18 09 Found N, 7 00, As, 17 88. 

The pure acid was obtained from a hot, dilute solution of the sodium salt 
with acetic acid. It tonns radiating masses of faintly yellow', microscopic 
needles which darken and decompose partially when heated, but do not 
melt below 290 The acid is practically insoluble in boiling water and 
only very sparingly so m boiling 50' ^ alcohol. 

Subs , o 1323,8 25 cc N (24 0° 765 mm b 
Calc for Ci»H,, 0 ,N-As N. 7 '5 Found 7.22. 

NlfW ^ OH k N ^ 
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[Contribution from the Laboratories op the Rockefeller Institute for 
Medical Research.) 

AROMATIC ARSENIC COMPOUNDS. VI. ,V-(PHENYL-4-AR- 
SONIC ACID)-«-PHENYLGLYCINE AND ITS AMIDES. 

By Walter A Jacobs and Michael Hetdelbercer 

Received July 2 , 1919 

As a special extension of the general type of substances represented 
by the substituted amides, ureides and anilides of the phenvlglyeine 
arsonic acids, 1 A r -(phenvl-4-arsonic acid)-a-phenylglycine, 

H, 0 »As/ NnHCHCONHR 

0 

its amide, ureide and a few of the substituted anilides were prepared and 
studied. With the exception of the glycine itself, which was obtained 
by hydrolysis of the amide, these substances were made from sodium 
arsanilate and the phenvlchloroacetyl-amino compounds It was neces¬ 
sary in every case to employ sodium iodide in 5o r alcoholic solution in 
order to accelerate the condensation, since the chloro compounds alone 
showed little tendency to react 

The general properties of this group of substances resemble those of 
the simpler glycine derivatives. 

Experimental. 

N- (Phenyl-4-arsonic Acid)-a-phenylglycine, p H s OjAsC«H«NHCH- 
(CsHjICOjH.—A lthough this substance unquestionably could be pre 
pared from arsanilic acid and a-phenylchloroacctic acid just as phenyl 
glycine p arsonic acid has been prepared, we have obtained it by li\ 
drolysis of the corresponding amide described below, and which we had 
previously prepared. 

30 g. of the sodium salt of A r -(phenyl-4-arsonic acid)- a-phenylglyeine- 
amide were dissolved in about 5 parts of 10% sodium hydroxide solution 
and boiled for about 15 minutes, after which the evolution of ammonia 
ceased. On adding hydrochloric arid to the chilled solution until acid 
to Congo red the free arsonic arid separated as a colorless oil which rapid 1\ 
crystallized. The compound was recrystallized from a large volume of 
boiling water, forming lustrous, rhombic plates. The yield was 20 g, 
When rapidly heated to 195 °, then slowly, the acid darkens and sinters, 
and finally effervesces at 202-3 It is sparingly soluble in the cold in 
water, alcohol or acetic acid, but dissolves more readily on wanning. It 
is more easily soluble in methyl alcohol. 

Subs., 02077 (Kjeldahl), 6.1 cc o 1 N HQ. Subs., 0.3674; MgiAsjOi, 0.1168. 
Calc for CuHuOtNAs'N, 3 99, As, 21 36. Found N, 4.11, As, 21.10, 

1 This Journal, 41, 1383 11919). 
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AT-(Phenyl-4-arsomc Acid)-a-phenylglycineamide, p-HAiAsCjHjNH- 
CH(C 8 H s )CONH 2 .—87 g. of arsanilic acid dissolved in 400 cc. of 
N sodium hydroxide solution, 80 g. of sodium iodide, 68 g. (1 mol.) of 
phenylchloroaoetamide, and 500 cc. of alcohol were boiled for 4 hours. 
The mixture set to a solid cake on cooling. This was disintegrated and 
stirred with dil. hydrochloric acid until acid to congo red The crude 
arsonic acid obtained in this way was purified through the sodium salt 
as described below. On dissolving a portion of this in water and adding 
acetic acid the free arsonic acid gradually separates as microscopic needles 
which do not melt below 280°. The substance is sparingly soluble in 
boiling water or jo c alcohol and practically insoluble in the cold. 

Subs , <1 4260 KjfM.'ihiJ 1905 cc o l A’ HCI Subs , o 3055, MgtAsiOj, o 1337. 

Calc for ChHi» 0 (KiAs N, 800, As, 21 39 Found N. S 19, As, 2) 12 

Sodium Salt.- -The crude, washed acid was suspended in warm water, 
stirred, and treated with 50' ,' sodium hydroxide solution until clear. 
After exactly neutralizing to litmus with acetic acid the warm solution 
was filtered, stirred, and treated with powdered sodium acetate until 
crystallization of the arsenate began. After standing in the ice-box 
overnight the salt was filtered off, washed first with 20 r , sodium acetate 
dilution, then with alcohol, and finally recrvstallized from alcohol, form¬ 
ing granular aggregates of plates. The yield of air-dried salt was 76 g.. 
the amount of water of crystallization varying from 3 s to 5 molecules 
in different preparations. The salt dissolves readily in water or boiling 
alcohol. 

Prepn 1 Subs , air dry. 033S4, lov. 00O49 m uiato at 100° tner HgsO< 

Prepn 2 Subs , o 6091, loss, o 0911 

Calc for Ct<HufbNjA«Na 3 5H3O H.O, 11 4s For 5 HjO M;C, 19 48 

Found. Prepn 2 HA), 1s 2K Prepn 1 HA 1 , 1947 

1— Subs, anhydrous, o 2592, I'Kjeldahl) 13 80 cc o 1 .V HCI 

2— Subs, anhvdrous. 01577, 106 cc. N 1255°, 758 mm) Subs, 0.3242; 
MgtAsjOt, o 1335. 

Calc, for CuHnOcNiAsNa. N, 7 53; As. 20 13 Found: N, 7 46. 7-67- As, 19.8S. 

iV-(Phenyl-4-arsonic arid)-a-phenylglycineureide, p HjOsAsC 6 H 4 NH- 
<-'H(C»H»)CONHCONHs.— 4.4 g. of arsunilic acid, 5 3 g. (1.25 
mols) of phenylchloroacetyl-urea, 1 4 g. of sodium iodide, 21 cc. of N 
■sodium hydroxide solution, and 22 cc. of alcohol were boiled on the water 
bath for two hours. On cooling, aeidifving to congo red. and rubbing, 
the glycineureide crystallized. The collected substance was purified by 
suspending in water, adding sodium hydroxide until faintly alkaline to 
litmus, filtering, diluting with hot water, and acidifying with acetic add. 
The arsonic acid gradually separates in radiating masses of microscopic 
needles which contain one molecule of water of crystallization when air- 
dried. When rupidlv heated the anhydrous substance swells and evolves 

1 This JoimKAL, 39, 2433 (1917). 
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gas at 195-7 °. It is soluble in bailing water or 50% alcohol, but sparingly 
so in the cold. The yield was 3.5 g. 

Subs., air-dry, o 4367; loss, 00199, tit tatuo at ioo° over H-SO, 

Calc, for CitHuOiNtAs.HjO H S C), 4 3S Found 466 

Subs anhydrous, o 3048 (Kjeldahl); 23 1 cc o 1 .V HCI Subs , o 3045, MgjAsiOi, 
0.1196. 

Calc, for CuHi«OiNiAs N, 1069, As, it) oft Found N, 1062; As, 18 93. 

.V- (Phenyl-4-arson! c Acid ) - a-phenylgiycine-3 '-hydroxyanilide, p- 
HjOiAsCsHiNHCH(CcHt.)CO\HC« H *0 H {m -).—10 5 g. of w-phenyl- 
chloroacetyl-aminophenol, 1 were employed as in the previous cases. 
The resulting purple solution was diluted with water and decanted from 
the gummy precipitate, which was digested on the water bath with hot 
water. As crystallization could not be induced the mixture was set aside 
for about a month, when crystals liegan to form. The process was ac¬ 
celerated by warming and stirring, and the crystals were finally filtered 
from the hot solution and washed with hot water. The dark purple 
product was recrystallized twice from s° c l alcohol, separating slowly 
as purplish, lenticular, microscopic platelets, which contain 1 5 mole¬ 
cules of water of crystallization when air-dry and effervesce at 155-60°. 
The yield was 4 5 g. When rapidly heated to 155°, then slowly, the an¬ 
hydrous arsonic acid softens at about 155-60° and melts and evolves 
gas at about 200-10°. It is appreciably soluble in methyl alcohol, and in 
dilute, as well as strong alcohol. It melts in boiling water, in which it is 
appreciably soluble, and separates on cooling as an emulsion. It is in¬ 
soluble in hot acetone. 

Subs , air-dry, o 5600, los->, o 0333, m vacuo at 100 " over H z SOi 

Calc, for CjcH 19 O s NiAs 1 5H3O HiO, 5 76 Found 5 95 

Subs, anhydrous, 00917, 5 o cc N (208°, 756 mm ) Subs., o 3040, MfoAsiO:, 
o 1056 

Calc for Cj,H i# O.NjAs N, 6 34, As, iC 96. Found N, 631, As, 16 76 

A-(Phenyl~4-arsonic Acid)-a-phenyigIycine-4-uraminoanilide, p- 
HiOjAsC«H*NHCH (C*II»)CONHCeH«N HCON H s (f>-). — The condensa¬ 
tion of arsanilic acid and p-phenylchloroacctyl-aminophenyl-urea 1 (12.2 
g.) was effected exactly as in the preceding example. Crystallization of 
the product, which started on cooling and scratching, was complete after 
24 hours. After washing with 50% alcohol the substance was dissolved 
in dll. sodium hydroxide, the solution neutralized to litmus with acetic 
acid, filtered, diluted with hot water, and acidified with acetic add. The 
arsonic add separated as a gummy mass which gradually hardened and 
was then filtered off and washed with water. The yield was 11 g., de¬ 
composing after drying in vacuo at 100° at about 255° with preliminary 
darkening and softening. It dissolves in boiling 50% alcohol, but is 
very difficultly soluble in boiling water, 

1 This Joosnal, 39, 1445 (1917). 
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Subs., 0.1414; 14.2 cc. N (23.0°, 764 mm.). Subs., 0.3575; MgsAssO,, 0.1134. 

Calc for CmH 3 i 0 4 N*As; N, 11.57; As, 15.49. Found- N, 11.65; As, 13 31. 

W- (Phenyl-4-arsomc acid)-a-phenylglycine-3'-carbamidoaniiide, p- 

H ; 0^sC«H 4 NHCH(C,H ( )C0NHC 4 H4C0NH 2 (m-).—5.9 g. of m-phenyl- 
chloroacetyl-aminobenzamide, 1 gradually yielded a dear solution. After 
4 hours the arsonic acid separated 011 rubbing, and was washed with 50% 
alcohol. It was then suspended in water and ammonia added in excess, 
and the solution treated with Ixine black to remove the turbidity. The 
filtrate was diluted to large volume with hot water and acidified with acetic 
acid, whereupon the acid gradually separated on scratching in micro- 
crystalline form and in a yield of 7 g. It darkens and softens slightly 
above 250melts with effervescence at 261-2 and is practically in¬ 
soluble in boiling water or 50^ alcohol. 

Subs., o 1431, n 3 cc N (23 s°, 760 mm ) Subs , o 3522, MgiAsiO , o 1183 

Culc for CjiHiiOt-NjAs N, 8 96, As, 15 97 Found N, 9 on. As, 16 20 

A'- (Phenyl-4-arsonic Acid )-a-phenylglycyl-4-aminophenylacetamide, 

p - HjO,AsC e II 4 NMCH(C«Hf,>C<)NHC 6 H,CH;C( )N’II : (p-). -- The reaction 
mixture, containing 6,1 g. of a-phenylehloroacetvl-p-aininophenylacet- 
amide, 1 was txriled for 3 hours, quickly becoming clear. Dilution with 
several volumes of water caused the deposition of a thick oil which began 
to crystallize after a few days. The process was hastened by wanning 
the mixture on the water bath and rubbing, after which the substance 
was filtered off hot and washed with hot water. The crude product 
was dissolved in very dilute ammonia, treated with bone black, and the 
filtrate wanned on the water bath and gradually treated with an excess 
of acetic acid, seeding at the same time with a crystal of the crude sub¬ 
stance and rubbing with a rod. In this way partial separation as an oil 
was avoided. The yield was 6 g. The arsonic acid was recrystallized 
from 51 > r < alcohol, forming minute plates and flat needles which contain 
V» molecule of water of crystallization. When anhydrous it turns yellow 
and softens on heating, melting with decomposition at 222-3°. It is 
sparingly soluble in boiling water and somewhat more easily in boiling 
50% alcohol. 

Subs,, air-dry, o 5309; loss, 0.0086, in roruo at nx>° over H«SO«. 

Calc, for ChHbCUNjAso.sHjO' IUO, 1.62. Found: 182. 

Subs., anhydrous, o 1366; 10.3 cc. N (21 o’, 769 mm.). Subs., 0.3015; MgjAsjO?, 
°- 095 <i! 

Calc for CallaOtNjAs: N, 8 70, As, 15 52. Found N, 8.87; As, 1530 

Kuw Yi»kk, N V 

1 This Joubnal, 39, 1445 (1917). 
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{CONTRIBUTION FROM THE LABORATORIES OF THE ROCKEFELLER INSTITUTE FOR 
Medical Research.) 

AROMATIC ARSENIC COMPOUNDS. VII. SUBSTITUTED 
BENZYL, PHENOXYETHYL, AND PHENACYLARSANILIC 

ACIDS. 

By Waiter A Jacobs and Michael HEiDEi.uiiRr.ER. 

Receded July 2 . 011 

The preceding papers of this series have demonstrated that the reac¬ 
tivity of the amino group in arsanilie acid with chloroaeetylntnino com¬ 
pounds is such as to render possible the synthesis of a very extensive 
series of aromatic arsonic acids. It was thought possible that still other 
series, capable of similar extensive development, might be obtained by 
the use of other aromatic compounds containing suitable alkyl halide 
side chains. The present paper is a report of a few attempts in this direc¬ 
tion which represent merely a beginning in the study of such sulistances, 
the pressure of other work having temporarily limited the development 
of these types of compounds. 

Benzyl chloride and the substituted benzyl chlorides were found to react 
with sodium arsanilate under suitable conditions to foim tienzyl and sub¬ 
stituted benzylarsanilir acids, 


NHCH./ x 

0 


X 


AsO,H s 


Although long boiling of the solution in 50 % alcohol was required with 
benzyl chloride itself in order to obtain the greatest yields, owing to the 
stability of the halogen in this substance, the reaction proceeded far more 
easily and completely in the case of the negatively substituted benzyl 
halides such as p-nitrobenzyl chloride, ^-nitro-q-hydroxybenzyl chloride, 
p-carboxybenzyl chloride and p-carboxamidobenzyl chloride, the halogen 
of which is very reactive. The arsonic acids obtained from the above 
nitrobenzyl chlorides were reduced to the corresponding aminobenzyl 
arsanilie acids by means of ferrous hydroxide, a method which we have 
found to be especially serviceable for the selective reduction of nitro- 
arsonic adds. 1 

Another group of substances studied was those obtained by reacting 
sodium arsanilate with phenoxyethyl bromide and such of its deriva¬ 
tives as salicylamide-bromoethyl ether and p-acelamino-phenoxyethyl 
bromide. 

1 ct. This Journal, 40, isRo (1918). 
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NHCH5CHIO 


/\ 


n 


V/ V/ 

AsOjH, 


X 


The reaction was found to proceed very slowly and incompletely in boil¬ 
ing 50% alcoholic solution even in the presence of sodium iodide which 
strongly accelerated the condensation when chloroacetyl ci>mpounds were 
in question. 

Finally, the reaction lietween sodium arsanilate and halogen-acetvl 
compounds such as- the phenaeyl halides was studied and found to pro¬ 
ceed in the desired sense, yielding the phenacyl-arsanilic acids 

NHCHjCO 

/\ /\ 


AsOjll, 



X 


These compounds are yellow in color and yield yellow solutions. 

All of the above groups of substances function both as acids and feeble 
bases, forming salts with alkalies and strong mineral acids. With the 
exception of the negatively sulistituted benzyl derivatives they are readily 
displaced from their alkali salts by a slight excess of acetic acid. 


Experimental. 

(A) Benzyl-f-arsanilic Acids. 

Benzyl-arsanilic Acid, p CsHsCHsNHCcslUAsOjHi.—4 4 g. of arsanilic 
acid were dissolved in 20 cc. of N sodium hydroxide solution and boiled 
under a reflux condenser for 4 hours with 2 7 g. of benzyl chloride, 1.5 g. 
<>f sodium iodide, and 20 ec. of alcohol. The benzylarsanilic acid separated 
during the heating and was washed with 50% alcohol, and finally 
with ether. The yield was 4 3 g. The crude substance was dissolved 
in dil. sodium hydroxide, treated with bone black, and precipitated while 
hot with acetic acid, the arsonic acid separating quickly as flat, lustrous, 
microscopic needles. For analysis it was best recrystallized from hot 50% 
alcohol, in which it is fairly readily soluble, forming arborescent masses 
of micfo-crystals and larger prisms. The acid decomposes at about 255 0 
with preliminary sintering, and is very sparingly soluble in hot water. 
Although difficultly soluble in the cold, boiling alcohol and acetic acid 
readily dissolve the substance. It is also soluble in methyl alcohol at 
room temperature and is insoluble in 10% hydrocliloric acid, but stronger 
acid dissolves it. On adding sodium nitrite to a solution of the compound 
hot acetic acid, cooling and rubbing, yellow splierules of microscopic 
crystals, presumably the nitroso compound, separate. On concentrating 
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a neutral solution of the arsonic acid in aqueous sodium hydroxide to 
small volume and cooling, the sodium salt separates as glistening platelets 
which dissolve readily on dilution. 

Subs., 0.2067; (Kjeldahl) 6 7 cc. 0.1 N HC 1 . Subs., 0.2747; MgjAsrOj, o 1378 - 
Calc. for CuHuOaNAs: N, 4 56; As, 24 41 Found' N. 4 56; As, 24 21. 

p-Nitrobenzyl-arsanilic Add, p-OjNC«H«CH 2 NHC«H4AsO»Hj.---8.8 g. 
of arsanilic add in 40 cc. of A' sodium hydroxide solution, 7 g. 
of p-nitrobenzyl chloride, and 40 cc. of alcohol were boiled for 3 hours, 
during which the molten chloride gradually disappeared. The yellow 
crystals which deposited on cooling were washed with 5o f '< alcohol and 
then with acetone. The yield was 10 g. For purification a hot, dilute 
alkaline solution of the substance was precipitated with acetic acid. Re- 
crystallized for analysis from hot 85alcohol, in which it is sparingly 
soluble, it forms sheaves of flat, yellow, microscopic needles which do not 
melt when heated up to 280°. The acid is almost insoluble in boiling 
water and only sparingly so in boiling methyl alcohol or acetic acid. 

Subs., o 1598; 11 o cc \ T (22 s°. 762 mm ) Subs , o 3023, Mg,As, 0 -, o 1320 
Calc, for CijHuOtNiAs’ N, 7 95, As. 21 28. Found N, 7 97: As, 21 06 

p-Aminobenzyl-arsanilic Acid, p-n*NC#II<CHs>JHCjH«AsOaH*—40 
g. of ferrous sulfate dissolved in 150 cc. of water were treated with 25% 
sodium hydroxide solution until the mixture remained strongly alkaline 
to litmus after thorough shaking. 1 Ice was added and then a solution of 
7 g. of p -nilrobenzyl-arsanilic acid in dil. sodium hydroxide. After 5 
minutes’ shaking the mixture was filtered, acidification of the filtrate 
with acetic acid yielding the crystalline amino compound contaminated 
with an amorphous by-product. For purification the crude substance 
was dissolved in cold, dil. ammonia, leaving a small amount of amorphous 
material which was collected in the cold with bone black. Acidification 
of the clear filtrate yielded the pure amino arid at once as colorless aggre¬ 
gates of microscopic leaflets which decompose at about 202 The yield 
was 3.5 g. The acid is practically insoluble in hot water or 50% alcohol 
On boiling a solution in dil. ammonia a white, amorphous alteration prod¬ 
uct is formed which is insoluble in ammonia. This docs not happen with 
fixed alkali. The pure acid is soluble in both alkali and mineral acids, 
a solution in the latter being readily diazotizable, coupling with R-salt 
to form a deep red dye. 

Subs., 0.1510; 11.9 cc. N (21 0°. 740 mm.). Subs., 03241; Mft,A% 0 ,, o 1573. 
Calc, for CuHuOiNiAs; N, 8.70; As, 23.28. Found. N, 8 92; As, 23.41. 

3-Nitro-4-hydroxybenzyl-arsaniUc Acid, 3 >4 -(O s N)HOC,H,CH»NH 
QHrAsOjHi(/>*).—To a hot solution of 11 g. of arsaniUc acid in 50 cc. of 
N aqueous sodium hydroxide a solution of 9.5 g. of 3-nitro~,j.-hydroxy- 
benzyl chloride in 50 cc. of hot alcohol was added. The condensation 
1 Lot cit 
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took place rapidly but the heating was continued for 30 minutes. The 
alcohol was then allowed to boil off, causing the mixture to set to a thick 
mass of yellow crystals. These were filtered off and washed first with 
50% alcohol and finally with acetone, the yield being 15 g. The crude 
add was purified over the sodium salt by suspending it in a small volume 
of hot water and carefully treating with sodium hydroxide until solution 
was complete. On adding an equal volume of saturated sodium acetate 
solution to the reddish orange solution the sodium salt separated as a thick 
mass of long, thin, yellow, microscopic needles, which were filtered off 
and washed with 20% sodium acetate solution On cautiously adding 
an excess of acetic add to a hot, dilute solution of the salt the pure arsonic 
acid separated as aggregates of microscopic needles containing no water 
of crystallization. However, when recrystallized from 85^ alcohol it 
crystallizes more slowly, forming crusts of minute, yellow crystals which 
contain one molecule of water of crystallization. When rapidly heated 
the anhydrous substance darkens and sinters above 210° and decomposes 
at atout 245-50° It is practically insoluble in toiling water, sparingly in 
the cold in alcohol, methyl alcohol, or acetic acid, and readily on boiling. 

Subs . air-dry, o 9344; loss, 00471, ,n vwuo at 100“ over H»SO« 

Cate for CnHuOiNjAs H ,0 H« 0 , 4 66 Found 5 04 
Subs , anhydrous, 0.2655, (Kjeldahl) 14 5 cc. o 1 .V HC 1 
Calc for CuHuOjNjAs N, 7 61 Found 7 65 

3-Amino-4-hydroxybenzyl-arsanilic Acid.—9 g. of 3-mtro-4-hydroxy- 
benzylarsanilic acid were dissolved in dil. sodium hydroxide solution and 
added at once to a ferrous hydroxide suspension prepared by precipitating 
a solution of 50 g. of ferrous sulfate with sodium hydroxide until it re¬ 
mained strongly alkaline on shaking. After 5 minutes’ shaking the mix¬ 
ture was filtered on a large Buchner funnel and the dark brown filtrate 
acidified with acetic acid, yielding a dark brown, crystalline precipitate 
of the amino acid on rubbing. For purification this was dissolved in dll. 
hydrochloric acid and a solution of sodium acetate added as long as the 
precipitate which first formed redissolved on stirring. A few dark-colored 
flocks were collected by the addition of tone black and the faintly colored 
filtrate diluted and treated further with sodium acetate solution until 
no longer acid to Congo Ted, the arsonic acid separating as almost colorless, 
microscopic platelets which contained ‘/j molecule of water of crystalliza¬ 
tion. The yield was 3 g. When heated to 285° the anhydrous substance 
darkens slightly, but does not melt. It is sparingly soluble in boiling 
water or 50^, alcohol. An alkaline solution darkens rapidly on standing, 
while an aqueous suspension gives a deep brown color with ferric chloride 
solution. 

Subs, air-ilry, 0.6106; loss, 0.0155 in racial at 100“ over HiSO, 

Cate, for CuHuO < N»As o.jHtO' H| 0 , 2.59. Found: 2.54. 
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Subs., anhydrous, 0.2298; (Kjeldahl) 13 45 cc 01 N HC 1 Subs , 0.2565; MgsAsjO-, 
0.1170. 

Calc, for CiiHuOiNjAs. N, 8 28, As, 22 18 Found N, 8 20, As, 22 02 
p-Carboxybeazylarsanilic Acid, /> IIO»CC6lIiCH 2 NHC6H«AsO»Hj.— 

3 . 5 g. of p-carboxybenzyl chloride in 20 cc. of A T sodium hydroxide solu¬ 
tion were added to a solution of 4 4 g. of ursanilic acid in 20 cc. of the same 
medium. The mixture was gently warmed and stirred until solution was 
complete and then allowed to stand at nx>m temperature, a crop of crys¬ 
tals soon separating. After 24 hours the crystals were filtered off, dis¬ 
solved by the addition of dil. sodium hydroxide, and the solution then 
heated. On adding hydrochloric acid to the hot solution a gum separated 
which rapidly crystallized. The collected and washed solid was boiled 
out with alcohol to remo\e impurities and converted into the sodium salt 
for final purification After dissolving in dil. sodium hydroxide solution, 
neutralizing with acetic acid, and concentrating to small bulk, a large- 
volume of alcohol was added to the hot solution, causing the separation 
of the salt as a colorless, microcrystalline powder. Kocrvstallizcd from 
a concentrated aqueous solution by adding alcohol the salt formed aggre¬ 
gates of flat needles containing approximately molecule of water of 
crystallization. The yield w'as 2 5 g 

Subs , air-drv. o 2SS6, loss, <> cx>82 tn vacuo at mo'' over HjSO, 

Calc for CiiHuChNAsNaa o 5H1O H ; 0 , 2 23 Found 284 

Subs , anhydrous, o 3230, (Kjeldahl) S 3 cc 01 .V HC 1 , Mg,AsjO , o 1260 

Calc, for CuHitOiNAsNa: 3 55, As, 18 86 Found N, 3 60, As, 18.83 

On adding acetic acid to a hot solution of the sodium salt the fne acid 
separated as delicate, microscopic needles which did not melt below 280°. 
It is sparingly soluble in hot 50', alcohol or acetic acid and insoluble in 
other neutral solvents. 

Subs , o 2397,8 4 cc N (22 o’ 1 , 762 mui . Call for C„H 14CLNAs N, 3 99 Found 
4.07. 

p-Carboramidobenzyl-arsanilic Acid, p-HA'COCJIrCH.NHCtHrAs- 
OjHi, —33 g. of arsanilic acid in 150 cc. of A r aqueous sodium hydroxide, 

25.5 g. of p-(«-chloromethyl;benzarnide, and 150 cc. of alcohol were boiled 
for two hours, a thick mass of crystals separating on cooling. After fil¬ 
tering and washing first with water and then with alcohol, the arsonie acid 
was converted into the sodium salt. The solution of the acid in a small 
volume of warm, dil. sodium hydroxide was carefully neutralized with 
acetic acid. Separation of the salt, which commenced on cooling, was 
completed by adding saturated sodium acetate solution. Recrystallized 
from 50% alcohol the salt forms aggregates of thin plates containing 2 .5 
molecules of water of crystallization and is easily soluble in water. The 
yield was 30 g. 

Subs., air-dry, 0.6617; loss, o 0732 in vacuo at roo° over HiSO,. 

Calc, for CirHuO,NiAsNa.2.jHiO. H t O, to 79. Found: 11.08. 
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Subs, anhydrous, 0.3216, (Kjeldahl) 17000 o r -V HCI, Mg,AsjO-, o 1329. 

Calc for CnH'nO*NiAsKa N. 7 53. As, 20 1 3 Found N, 7 41, As, 19 95. 

Acetic acid added to a hot solution of the salt precipitates the arsenic 
add as sheaves and plumes of microscopic needles It does not melt below 
280° and is almost insoluble m boiling water, 50/ alcohol, or methyl 
alcohol. 

Subs , o 2308, (Kieldahl) 13 1 or 01 A HCI 
Calc for CnHiAbN-A- N, ft 00 Found 795 
(B) Phenoxyethyl- and Phenacyl-f>-arsanilic Acids. 
Phenoxyethylarsaailic Acid, p CiH.oCH-CIIjXHCrll^AsOiHs. — 
Phenoxyethyl bromide was found to react verv slmvh with arsanilic acid, 
and although condensation was somewhat accelerated by the addition 
of sodium iodide, long-continued boiling of the reaction mixture was found 
necessary. \ solution of ( 4 g of arsanilic acid in 20 ce. of A T aqueous 
sodium hvdroxide, 4 g. of sodium iodide, 4 g of phenoxyethyl bromide, 
and 20 ec of alcohol weie boiled for 74 hour'- On cooling and diluting 
with water the reaction product crystallized as glistening leaflets which 
were filtered off and washed first with watet and then with ether to remove 
unchanged bromide The > it Id was 3 g The acid was converted into 
the sodium \ah bv dissolving in .1 -mall amount of dil sodium hydroxide 
solution, exactK ui-utiah/mg to litmus with acetic acid, and then treating 
with dry acetone until a tmbiditv iu- produced. On standing in the 
refrigerator tin salt slowly separated as delicate needles. Recrystallized 
from a small volume of 85' , alcohol it lorms flat, microscopic needles con¬ 
taining 3 5 molecules of wutei of crystallization. 

Subs , air di> u 7<>(>S, to—. 01119 in tvu uo at ne' over HiSO,. 
file for Culli 1 >«N \sNa t sH.O HjO, 14 S9 Found 1459 
On treating the hot solution of the salt with acetic acid the free arsontc 
acid separated as glistening scales containing one molecule of water of 
crystallization. It is verv sparingly soluble in boiling water or acetic 
acid, but is appreciably soluble in hot methyl alcohol, alcohol, or 50^ 
alcohol. The anhydrous substance does not decompose below 280°. 

Subs , air dry, 04534, loss, 00242 in tamo at 100 0 over H s SOi. 

Calc foi ChHiiOiNAs HjO IbO, s 07 Found 534 

Subs , anhydrous, 112263, fKjeld.ihli 700c 01 .V HCI Subs , 02569, Mg»As,0 1, 
o 1190 

Calc for CuHmOjNAs N, 4 16, As, 12 22. Found, N, 4 33. As, 22.37, 
p-Acetaraino-phenoryethyl-arsanilic Acid, p CH-C()XHC»H 4 OCH*CHr 
NHC«H<AsOiH?.— Arsanilic acid was condensed as in the previous 
example with p-acetamino-phenoxycthvl bromide. The reaction mixture 
was diluted with water, made alkaline with sodium hydroxide, filtered 
from unchanged halide, und acidified with acetic acid, yielding the crys¬ 
talline arsonic acid. This was converted into the sodium sad by solution 
in a small volume of dil. sodium hydroxide, careful neutralization with 



>832 


WAITER A. JACOBS AND MICHAEL HEIDKLBERGER- 


acetic add, and addition of saturated sodium acetate solution. After 
standing’ in the refrigerator the sodium salt was filtered off and washed 
with 20% sodium acetate solution and finally with 85% alcohol. Puri¬ 
fied by dissolving in a small volume of water and precipitating with several 
volumes of alcohol, the salt forms colorless, microscopic platelets which 
contain about 3 molecules of water of crystallization. 

Subs., air-dry, 0.5364; loss, 0.0580 in vacuo over H,SO, at 100°. 

Calc, for CuHiaOkNtAsNa.jHiO. HjO, 11.49. Found’ 10.81. 

Subs., anhydrous, o 3250; (Kjeldahl) 15.6 cc. 0.1 N HC 1 ; MgiAsjO,, 0.1225. 

Calc, for CuHuOjNiAsNa: N, 6.73; As, 18.01. Found: N, 6.72; As, 18.20. 

On treating a hot solution of the salt with acetic acid the arsonic acid 
separated as delicate, glistening needles and platelets. Recrystallized 
from 50% alcohol it forms long, thin, narrow plates which do not melt 
below 275 °. It is practically insoluble in boiling water and very diffi¬ 
cultly so in hot alcohol or methyl alcohol, but dissolves in hot 50% alco¬ 
hol or glacial acetic acid. 

Subs., 0.2075; (Kjeldahlj 14 95 cc 00714 N HCI 
Calc, far CnH,tO«N|As: N, 7 11 Found 7.21. 

o-Carboxamido-phenoxyethyl-arsanilic Acid, o-H;NCOCJI,OCH 2 CH r 
NHCsIUAsOjH;—The reaction mixture, similarly obtained from 10 g. 
of salicylamide-bromoethyl ether (2-bromoethoxy-benzamide) 1 was diluted 
with water, made alkaline with sodium hydroxide, filtered, and the fil¬ 
trate acidified with acetic acid, depositing an amorphous, gelatinous pre 
cipitate followed by crystals on long standing in the refrigerator 
The product was recrystallized from a small volume of hot 50', 
alcohol, 4 g. of the arsonic acid separating in wedge-shaped, micro¬ 
scopic prisms. For analysis it was again recrystallized from 50% alco¬ 
hol. The substance is very difficultly soluble in boiling water, and when 
pure is only sparingly soluble in most hot solvents except hot acetic acid 
and hot 50% alcohol. When precipitated from its solution in alkali by 
means of acetic acid it separates slowly as rosets of broad, microscopic 
needles. When rapidly heated it does not melt below 280°, but if the 
temperature is held at this point the add slowly melts and decomposes. 
Subs., 0.2930; ’Kjeldahl) 15.30 cc. 0.1 N HCI; Mg,As, 0 ;, 0.1185 
Calc, for CuHirOiNjAs- N, 7.37; As, 19.62. Found N, 7 32, As, 19.52 

Phenacylarsaailic Add, CeH i COCH*NHC«H«AsO}H2.—4 4 g. of ar- 
sanilic add in 20 cc. of N aqueous sodium hydroxide and a solution of 4 g. 
of oi-bromoacetophenone in 20 cc. of alcohol were boiled for one hour, 
the arsonic add crystallizing during the reaction. The yield was 4 g. It 
was recrystallized by dissolving in dil. sodium hydroxide solution, heat¬ 
ing and addifying, the phenacyl compound separating as faintly yellow, 
arborescent aggregates of delicate, microscopic needles. It decomposes 
1 J. Biel. Chem ., ai, 449 (1913). 
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at 185-7® with preliminary softening and is sparingly soluble in the usual 
solvents. An alkaline solution is yellow, the color deepening on standing. 
Cone, sulfuric acid dissolves the substance with a bright yellow color. 
Subs., o 1711:6.4 cc N (21 0°, 766 mm ) Subs , o 3519, MgiAsjO , o 1625 
Calc for C)»Hi* 0 »NAs N, 4 18, As, 22 36 Found N. 4 38, As, 22 29 


2-Hydroxy-5-acetamino-phenacylarsanilic Acid, 

COCH, — NH 

Aoh /S 

11 .—A warm solution of 4.4 g of arsanilic acid in 


> 1 J 

CH.CCK v 


AsOiHj 


io cc. of 2 N sodium hydroxide and 10 cc. of alcohol was treated with 
5 5 g. of 3-acetamino-6-hydroxyphenaeyl bromide. 1 The bromide dis¬ 
solved rapidly and the mixture was heated on the water bath for 
an hour. On dilution with water an amorphous precipitate was 
formed, followed on standing in the refrigerator by a crystalline 
substance The precipitate, washed with water and acetone, could 
not be recrystallized directly from neutral solvents, but purifica¬ 
tion was finally effected by taking advantage of the weakly basic proper¬ 
ties of the arsonic acid. A suspension in 1 1 hydrochloric acid was 

treated with cone, hydrochloric acid until most of the substance had 
dissolved, then rapidly filtered, and the dark yellow filtrate treated with 
several volumes of hot water. Owing to the hydrolysis of its hydrochloride 
the phenacyl compound separated at once as a dark yellow powder con¬ 
sisting of aggregates of microscopic platelets which redden and decom¬ 
pose at 228° The yield was only 1 2 g The acid is practically insolu¬ 
ble m hot water or 50% alcohol and dissolves in cone sulfuric acid with 
a reddish brown color. 


Subs , o 2946; (Kjeldahl) 14 5 cc 01 ,Y HC 1 , MgjAs-O , o 1124 

Calc for CijHpOtNtAs N, 6 86, As, 18 36 Found N T , 6 89, As, iS 43 


Nkw Yoke, N V 

1 3-Acetamlno-6-hydroxy-phenacyl Bromide.—From acctophenetidinc, bromo- 
acetyl chloride, and aluminum chloride »tth exclusion of moisture, similarly to the 
corresponding chloro compound (Kunckcll, Bcr , 34, 128 (1901)] The crude product 
( 93 % of the theory) was used for the preparation of the arsonic acid. A portion of 
the crude bromide was boiled with chloroform and the filtrate treated with ligroui. the 
bromide separating as a drab-colored precipitate melting at 133-5° with preliminarv 
softenlhg and slight gas evolution to a turbid, red-brown liquid which clears at 136° 
The bromide dissolves readily in acetone or alcohol, less easily m boiling chloroform. 
The yellowish solution in alcohol changes to a deep olive green on addition of a drop 
of ferric chloride solution, or to orange-red on addition of aqueous sodium hydroxide. 

Subs., o 17*51 7.85 cc. N (21.0°, 758 mm ) Subs., o 1673, (Canus) AgBr, o 1179. 

Calc for Ci»Hi» 0 |NBr. N, 5 13; Br, 29 37. Found N, 5'09; Br, 29 99 
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AROMATIC ARSENIC COMPOUNDS. Vm. THE AMIDES OF 
(4-ARSONIC ACID)-PHENOXYACETIC ACID AND THE 
ISOMERIC PHENOXYACETYL-ARSANILIC ACIDS. 

By Walter A Jacobs and Michael Heidelberger 

Received Jul> 2 1919 

The preparation of o-phenylglycollic acid p-arsonic acid ([4-arsonie 
acid]-pbenoxyacetic acid) by the action of sodium cliloroaeetate on sodium 
p-hydroxyphenyl-arsonate in boiling aqueous solution has been described 
in German patent 216,270. We have found that chloroaoetylamino com¬ 
pounds also react with sodium p-hydroxy phenyl-arson ate to give the sub¬ 
stituted amides of phenylglycollie acid p arsonic acid with the following 
general formula 

OCHjCONH 



AsOiHj 


In this reaction a condition for the success of the condensation was the 
addition of an extra molecule of sodium hydroxide in order to form the 
sodium phenolate, as in the preparation of phenyl ethers with alky! halides 
in general. When using cliloroacetyl compounds which were sufficiently 
stable in alkaline solution the yields of the desired products were good, 
but in those cases in which the halide was readily decomposed the yields 
suffered accordingly. 

In general, the arsonic acids of this type crystallize readily when pure, 
possess high decomposition points, and are sparingly soluble in the usual 
solvents. They are stronger acids than the amides of plienjlglycine- 
arsonic acid, since only mineral acids or a large excess of acetic acid dis 
place them completely from their salts. 

In a preceding paper it was shown that the sodium salt of chloro- 
acetylarsanilic acid reacted smoothly with amines with the formation of 
substituted glycyl-arsanilic acids. 1 On replacing the amine by a phenolic 
compound the substituted phenoxyacetyl or phenyl ether glycollyl-arsanilic 
adds were obtained with the general formula 

H}0>As<^ )>NHCOCHiO<^~ X 

These substances are of course isomeric with the amides of (4-arsonic 
add)-phenoxyacetic add. As in the preparation of the latter sub¬ 
stances an extra molecule of alkali was required for the conversion of the 
phenolic compound into the phenolate. Since the reaction of the mix- 
1 This Journal, 41, 1809 (1919) 
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ture was, therefore, strongly alkaline, the sensitive chloroacetyl-arsanilic 
acid suffered partial decomposition, so that the yields of the desired 
phenoxyacetyl compounds were poorer than in the synthesis of the glycyl- 
arsanilic acids. 

As a rule the phenoxyacetyl-arsanilic acids crystallize readily and are 
sparingly soluble in the usual solvents, but yield readily soluble sodium 
salts. They are stronger acids than the gl\ cyl-arsanilic acids and are 
completely displaced from their salts only by mineral acid or a large ex¬ 
cess of acetic acid. 

On reduction both of these groups of substances yield arsinoxides and 
arseno compounds, substances which will be described when our studies 
with this group are completed. 

Experimental. 

(A) Derivatives of (4-Arsonic Acid)-phenoxyacetic Acid. 

(4-Arsonic Acid)-phenoxyacetic Methyl Ester, f>-HjO.-iAsCjH.»OCHjCOr- 
CH3. —10 g. of (4-arsonic acid)-phenoxyaeetic acid 1 were refluxed for two 
hours with a mixture of 30 g. of dry methyl alcohol and 3 g. of cone- sul¬ 
furic acid. On dilution with water the ester separated in a yield of 9.5 g. 
Recrystallized from hot water it forms lustrous plates which, when rapidly 
heated, partially melt with gas evolution at about 192-5° and then grad¬ 
ually decompose at a higher temperature without melting completely. 
The ester is readily soluble in methyl alcohol, hot ethyl alcohol, or water, 
but sparingly in cold alcohol or water. 

Subs, 02967; Mr-AssO . 01575 

Calc for C*lbiOsAs As, 25 S5 Found 25.62 

14-Arsonic Acid )-phenoxyacetamide, /'-ITO.iAsCclbOC HjCONH*.— 
<>o g. of the methyl ester were added slowly, with chilling and shaking, to 
.560 cc. of cone, ammonu. During the addition the mixture set to a thick 
mass of what appeared to ftc the ammonium salt of the unchanged ester 
and this had to be broken up occasionally during the further addition of 
the ester. When all had been added the mixture was vigorously shaken 
to disintegrate the mass as thoroughly as possible and then allowed to 
stand at room temperature for 24 hours. The ammonium salt changed 
definitely in character, presumably due to the formation of the ammonium 
salt oh the amide. The mixture was finally diluted with water until 
solution was complete and the excess of ammonia removed in vacuo, after 
which the solution was made faintly acid to congo Ted with hydrochloric 
acid, causing the immediate separation of the arsonic acid. On recrys¬ 
tallization from hot water the amide, separated as rhombic, microscopic 
prisms. The yield was 37.5 g. The compound does not melt below 
280° and is sparingly soluble in cold water or hot alcohol, but easily solu¬ 
ble in boiling water. 

1 G«t, pat. 216.210 
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Subs , 0.1312; 6.1 cc. N (20.5°, 750 mm.). 

Calc for CiHioOiNAs’ N, 5 09. Found; 3.34. 

Sodium Sail. —A solution of the acid in dil. aqueous sodium hydroxide 
was carefully neutralized with acetic add and concentrated to small 
volume t« vacuo. On adding alcohol the salt separated slowly as glisten¬ 
ing platelets which contained no water of crystallization and were easily 
soluble in water. ' 

Subs, o 1371; 5 7 cc. N (22 s°, 765 mm ). Subs, 03120, MgiAs»Ot, 0.1617 

Calc, for CsHjOjNAsNa N, 471, As, 25 23. Found- N, 4 84, As, 25.00. 

(4-Arsonic Acid)-phenoxyacetanilide, p-HjOjAsCeh^OCHjCONHCsHs. 
—5 g. of sodium ^-hydroxyphenyl-arsonate, 1 3.4 g. of chloroacetanilide,® 
and 3 g. of sodium iodide were boiled in a mixture of 20 cc. of N aqueous 
sodium hydroxide and 20 cc. of alcohol for 3 hours. The alcohol was then 
allowed to boil off and the residue addified with hydrochloric acid, re¬ 
sulting in a gummy precipitate which rapidly recrystallized For purifica¬ 
tion the collected material was dissolved in dil. sodium hydroxide and the 
filtrate treated, preferably while hot, with an excess of hydrochloric add. 
The arsonic add separated at once as glistening platelets. When rapidly 
heated the anilide darkens slightly above 250° but does not melt below 
280°. From hot 50% alcohol, in which it is fairly readily soluble, it 
separates as minute prisms and masses of thin, microscopic plates. Al¬ 
though but sparingly soluble in the cold it is appreciably soluble in hot 
water, alcohol, and acetic add. Cold methyl alcohol also dissolves the 
substance 

Subs , o 3024, (Kjeldahl) 8 6 cc 01 N HC 1 Subs , o 3455, MgiAsjO;, o 1530 

Calc tor CuHuOjNAs N, 3 99, As, 21 34. Found N, 398, As, 21.37. 

(4-Arsonic Acid)-phenoxyacetyl-3-aminophenol, j>-H s O s AsC«H 4 OCHi- 
CONHCjH 4 OH(»m).— 43.6 g. of p-hydroxyphenyl-arsomc acid® dissolved 
in 400 cc. of N sodium hydroxide solution, afid 38 g. of w-chloroacetyl- 
aminophenol 4 were boiled for 15 minutes. During the heating an amorph¬ 
ous substance separated and more of this material was predpitated on 
dilution with water. The mixture was made definitely add with acetic 
add and deared by treating with bone black in the cold. On the addi¬ 
tion of hydrochloric add to the filtrate until add to Congo red a pinkish 
paste separated, but on standing and scratching this was followed by 
crystals. After 24 hours crystallization was complete. The nitrogen 
figures obtained with this substance were nearly 1% high and the arsenic 
figures too low, indicating the present* of a contaminating arsonic add 
containing a higher percentage of nitrogen. It is possible that the by- 

1 This Journal, 41, 1447 (1919). 

'Ibid., 39, 1441 C1917). 

1 Ibid , 41, 1446 (1919) 

4 Ibid, 39,1442 (1917). An improved method will be published shortly. 
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droxyl group in the m-aminophenol may have reacted with a second 
molecule of m-chloroacetylamino-phenol giving a more complex arsonic 
add. Since direct recrystallization of the crude product from a suitable 
solvent such as 50% alcohol or 50% acetic acid did not remove this con¬ 
taminating material it was found necessary to pass through the sodium 
salt, which was fortunately found to have suitable properties. 

The crude add was suspended in a small volume of water and dissolved 
by the addition of sodium hydroxide solution. After neutralization with 
acetic add an equal volume of saturated salt solution was added. On 
scratching, the pink solution gradually deposited the sodium salt, which 
carried the color with it. After standing in the refrigerator it was filtered 
off and washed with 15% salt solution. The crude salt was recrystallized 
from a small volume of hot water, separating as a mass of pink, lustrous, 
microscopic needles and long, thin platelets. On dissolving in hot water 
and adding hydrochloric add a milky emulsion was formed which almost 
immediately crystallized. The free acid settled quicky as a heavy, 
sandy powder consisting of aggregates of irregular, microscopic leaflets 
to which the pink color still adhered. When rapidly heated it melts 
and decomposes at 238-40°. It is very sparingly soluble in boiling water 
or boiling acetic add but dissolves more readily in hot $o c ' c , alcohol. 

Subs., 0.2067; (Kjddahl) 5.85 cc. 0.1 N HC 1 . Subs., 03209; Mg,As,Or, 0.1375. 
Cole, for ChHuO*NAs- N, 3.83; As, 20.42. Found, X, 3.97; As, 2068. 

(4-Arsonic Add)-phenoxyacetyl-4-aminophenol.—22 g. of p-hydroxy- 
phenyl-arsonic acid dissolved in 100 cc. of 2 -V sodium hydroxide solu¬ 
tion (2 mols.), and 19 g. of p-chloroaeetylamino-phenol 1 were boiled under 
a reflux condenser. A precipitate separated from the clear solution 
after a few seconds and was probably an alteration product of the chloro- 
acetyl compound. After 30 minutes the mixture was considerably di¬ 
luted, addified with acetic add, and treated with bone black in the cold. 
The clear filtrate yielded a crystalline arsonic add on acidification to 
congo red with hydrochloric add and scratching. After 24 hours the 
collected substance was repurified by reprecipitation of its solution in dil. 
ammonia with hydrochloric acid. As the analysis showed the product 
to be high in nitrogen it was finally purified over the sodium salt. 

The add was suspended in a small volume of hot water and carefully 
treated *ith sodium hydroxide solution until dissolved. On cooling, the 
colorless sodium salt crystallized and was filtered off, washed, redissolved 
in hot water and addified with hydrochloric acid. The arsonic add 
separated at once as curved, colorless, microscopic crystals. When rapidly 
heated it gradually darkens and decomposes at 238-40°. It is very diffi¬ 
cultly soluble in boiling water, alcohol, or methyl alcohol, but dissolves 
more easily in hot 50% alcohol. On adding a few drops of sodium nitrite 
1 Taw Journal, 39, 1442 (1917). 



i8 3 8 


WALTER A. JACOBS AND MICHAEL HEIDELBERGER. 


solution to a suspension of the add in hot acetic acid a dear, orange solu¬ 
tion is obtained which deposits spherules of yellow crystals, probably 
a nitroso compound, in cooling. 

Subs., 0.2113; (Kjeldahl) 6.15 ce. 0.1 N HCI. Subs., 0.3269; MgjAssCb, 0.1354. 

Calc, for CnHuOeNAs- N, 3 83; As, 2042. Found. N, 4.07; As, 20.00. 

(4-Arsonic Acid)phenoxyacetyl-4-aminophenyiurea, p II 2 0 3 AsC«H 4 O- 
CH»CONHC«H«NHCONHj(p-) . —8.8 g. of f-hydroxyphenylarsonic acid 
in 40 cc. of 2 N sodium hydroxide solution, S g. of sodium iodide, 9 2 g. 
of p-chloroacetvlamino-phenylurea, 1 and 40 cc. of alcohol were refluxed 
for two hours. After dilution with water an excess of acetic acid was 
added. On scratching a white powder separated and this was filtered off, 
dissolved in dil. ammonia, and treated while hot with an excess of acetic 
acid. On cooling the arsonic acid separated as aggregates of micro¬ 
scopic needles in a yield of 7 g. When rapidly heated the substance 
darkens and softens at about 230-40 0 but docs not melt entirely up to 
265°. It is practically insoluble in boiling water or 50 ', alcohol. 

Subs., 0.1322; 12.0 cc. N (26.0°, 757 mm) Subs., 0.3605; MgiAssOi, 0.1368. 

Calc, for CisHisOuNjAs: N, 10.26; As, 18.32. Found: N, 10.33; As, 18.32. 

(B) Derivatives of Phenoryacetyl-p-arspnilic Acid. 

Phenoxyacetyl-arsanilic Acid, C*HsOCH*CONHC»H«AsO,,Hs(p-).—4.4 
g. of arsanilic acid were dissolved in 50 cc. of 2o < / ( sodium acetate solu¬ 
tion and treated, while chilling and shaking, with 4 g. of phenoxyacetyl 
chloride. The reaction product separated at once. After making acid 
to Congo red with hydrochloric acid the substance was filtered off, washed 
with water, and finally with ether. The yield was 3.5 g. Recrystallized 
from hot 50% alcohol, in which it is fairly readily soluble, the pure arsonic 
acid separates slowly as colorless, microscopic crystals which are soluble 
in boiling methyl alcohol or acetic arid, and very sparingly so in boiling 
water. It darkens slightly above 250° but does not decompose below 
280°. 

Subs., 0.3120; (Kjeldahl) 8 95 cc 0.1 .V HCI; Mg,As,C>7, 0.1370. 

Calc, for CitHnOtNAs' N, 3 99; As. 21.34. Found: N, 402; As, 21.19. 

The acid was also prepared, although in poor yield, by boiling a solu¬ 
tion of 3 g. of chloroacetyl-arsanilic acid 1 in 20 cc. of N aqueous sodium 
hydroxide with 1 g. of phenol under an air condenser for V» hour. The 
substance was rapidly precipitated on cooling and adding acetic acid and 
was recrystallized from 50'Jr alcohol. It separated slowly as wedge- 
shaped plates and prisms which. showed the same properties as when 
made by the first method. 

Subs., 0.2347; MgtAstOj, 0.1052. 

Calc, for CmHuOiNAs: As, 21.34. Found: 21.63. 

1 This Journal, 39, (>9'7). 

1 Ibid., 41, 1810 (1919). 
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p-Oxamino-phenoxyacetyl-arsanilic Acid, £-H 0 2 CCONHC*H 4 OCHr 
C 0 NHCeH 4 As 0 3 H s (/>-).—In an attempt to prepare the amide of this 
acid by starting with p-hydroxy-oxanilamide, the conditions of the ex¬ 
periment caused the cleavage of the amide group with the formation of 
the carboxylic acid. 

Equivalent amounts of chloroacetyl-arsanilic acid and ^-hydroxy- 
oxanilamide were dissolved separately in theoretical amounts of X sodium 
hydroxide solution and mixed, an immediate precipitation of the phenolic 
compound occurring. The mixture was boiled for 20 minutes, after which 
it reacted feebly acid, and the unchanged amide was filtered off and the 
filtrate acidified with hydrochloric acid. The resulting precipitate was 
dissolved in very dilute ammonia and the hot filtrate acidified with acetic 
acid. The cream-colored, microscopic crystals which separated proved 
to be the free carl tonic acid formed by saponification of the amide in the 
boiling alkaline solution. 

The substance darkens but does not melt below 280°. It is appreciably 
soluble in boiling water or 50 c / t alcohol and separates from water with 
one molecule of water of crystallization. 

Subs., air-dry, 0.4425; loss, 0.0196 in vacuo at too° over H,S 0 4 . 

Calc, for C1tH11.O1NjAs.II3O' HjO, 595 Found. 4.45. 

Subs , anhydrous, o i6ro; 9 15 cc N Oi s°, 755 nun ) Subs., o 3577; Mg»As, 0 ;, 
<> 1293 

Calc, for CitHnOtN'jAs N, 6.39; As, 17 10. Found N, 6 4S; As, 17.45. 

o-Uramino-phenoxvacetyl-arsanilic Acid, p - H 2 NCONHCsH 4 OCHj- 
CONHCsH 4 As()jH»(p-b -11.8 g of chloroacetyl-arsanilic acid, 6.5 g. 
of p-hy droxyphenylurea, and 40 cc. of 2 .V sodium hydroxide solution 
were refluxed for hour. On cooling the sodium salt of the reaction 
product crystallized and the precipitation was completed by the addi¬ 
tion of an equal volume of saturated sodium acetate solution. This salt 
was filtered off, washed with 20' ,' sodium acetate solution, and finally 
with alcohol. For purification the crude product was dissolved in a small 
volume of water, treated with bone black, and then with alcohol until 
crystallization began. After filtration it was washed with 85^,' alcohol. 
The yield was 3.5 g., crystallizing as radiating masses of minute needles 
which contain approximately 3 molecules of water of crystallization. 

Subs., air-dry, 0.5095; loss, o 0531 rn i\tcuo at ioo‘ over H,SO< 

Calc, for CnHuOjNiAsNa.iHjO H,0, 11.13 Found; 10.4;. 

Subs., anhydrous, 0.3510, (Kjcldahb 23 5 cc. 0.1 X HC 1 ; Mg,As, 0 ; . 0.1240. 

Calc, for CuHnO.NjAsNa N, 9-75; As, 17.38. Found - N, 9.39; As, 17.05. 

The free at sonic acid separates from the hot solution of the salt on adding 
acetic acid as aggregates of microscopic spindles which are practically 
insoluble in boiling water or 50' ,' alcohol. It decomposes at about 280-3° 
with preliminary darkening. 

Subs., 0.1332; 11.75 cc N 129.0°, 765 mm.!. 

Calc, for CuHi« 0 *N*As: N, 10.27. Found: 10.04. 
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0-Carboxamido-phenoxyacetyl-arsanllic Acid, 0 -HjNCOC«H4OCH s CO- 
NHC«H4As0 3 H 2 (p-)—The reaction mixture from 11.2 g. of salicylamide 
was diluted to about 250 cc. and treated with sodium carbonate solution 
until just alkaline to litmus. The filtrate from the unchanged salicyl¬ 
amide was acidified with acetic acid, and on scratching the arsonic acid 
separated as fine needles. The crude acid was dissolved in a small vol¬ 
ume of dil. sodium hydroxide and carefully neutralized with acetic acid. 
On adding an equal volume of saturated sodium acetate to the filtered 
solution the sodium salt quickly separated, forming a thick paste of crys¬ 
tals. The salt was washed with 20^ sodium acetate solution and finally 
with alcohol and recrystallized from 85^ alcohol, separating as prismatic 
needles containing approximately 5.5 molecules of water of crystallization. 
Subs., air-dry, 0.5945; loss, 0.1177, >» vacuo at 100° over H,SO< 

Calc, for CisHuOtNjAsNa 5.sH,0: H, 0 , 19.23. Found 1979 

Subs., anhydrous, o 3026; (Kjeldah!) 14 5 cc o r .V HC 1 ; MgjAsjO0.1120 

Calc, for CuHiiChN.AsNa. N, 673; As, 18.02. Found N, 671; As, 17 87, 

On acidifying a hot solution of the sodium salt with acetic acid the 
free arsonic acid separates as delicate needles which do not decompose 
below 280°. It is appreciably soluble in boiling 50% alcohol or acetic 
acid, but does not dissolve readily in the other hot solvents. 

Subs., 0.2082; (Kjeldahl) 10 4 cc. o 1 A’ HC 1 . 

Calc, for CuHuO«N,As: N, 711. Found . 7.00. 

p-Carboxamido-phenoxyacetyl-arsanilic Acid.--2.8 g. of p-hydroxy- 
benzamide yielded, on cooling, a thick crystalline mass of the sodium 
salt. This was dissolved by dilution with warm water and the solution 
filtered from unchanged p-hydroxy-benzamide, after which the arsonic 
add was predpitated as a colorless powder on acidification with acetic 
add. This was reconverted into the sodium salt by dissolving in a small 
volume of dil. sodium hydroxide, carefully neutralizing with acetic acid, 
and salting out with saturated sodium acetate solution. The product so 
obtained was then recrystallized from a small volume of hot water, separa¬ 
ting as resets of long, flat, delicate needles which contained approximately 
7.5 molecules of water of crystallization. The yield was 3.7 g. 

Subs., air-dry, 04550; loss, 0.1097 vacuo at 100° over HrSOi. 

Calc, for C u Hu0 t NjAsNa.7.5H,0: HjO, 24.52. Found: 24.10. 

Subs., anhydrous, 0.1547; 9-3 cc. N (27.0", 758 mm.). Subs., 0.2994; MgjAs, 0 : , 
0.IH7. 

Calc, for CuHijO,NjAsNa: N, 6.73; As, 18.02. Found: N, 6.82; As, 18.00. 

On adding acetic acid to a hot solution of the sodium salt the free arsonic 
acid separated slowly as long, glistening needles which do not melt below 
280°, and are practically insoluble in the usual boiling solvents. 

Subs., o 1495; (Kjeldahl) 7.6 ce. 0.1 N HC 1 . 

Calc, for CuHnO*NjAs: N, 7.11. Found- 7.12. 

N*w Voice, N. Y. 
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ORGANIC MERCURY COMPOUNDS DERIVED FROM p-BROMO- 
DIMETHYLANILINE. 

By Frank C Whitmore 

Received July 28 1919 

The present paper is the first of a series in which the introduction of 
mercury in the ortho position to various substituted amino groups will 
he studied The work with the organic mercury compounds so obtained 
will deal especially with two fundamental reactions of organic mercury 
compounds in general These reactions ma\ he represented by the single 
equilibrium equation 

RjHg + HgXj aRHgX 

m which R represents any organic residue which has its free bond at¬ 
tached to carbon, and X represents any univalent acid radical The 
reaction normally runs to completion to the right because of the slight 
solubility of the organo mercuric salt RHgX m the organic solvents 
used The reaction may lie reversed by using reagents which remove 
HgXj Such substances are alkaline reducing agents such as sodium 
stannite solution and compounds like potassium iodide and sodium thio¬ 
sulfate which form mercuric complexes of considerable stability. 

The introduction of mercury into a fwo-substituted aromatic amine 
has been studied only in the cases of F-toluidine and its dimethyl deriva¬ 
tive 1 Klein mixed solutions of jt-toluidme and mercuric ehlonde in ether 
and obtained crystals to which he assigned the formula HgCl 2 2C4H4- 
(CH«)NHj. He obtained similar compounds with the bromide and the 
iodide of mercury. Pesci treated an alcoholic solution of p toluidme with 
an aqueous-alcoholic solution of mercuric acetate and obtained crystals 
of mercury (2-amino 5-methyl phenyl) acetate 



CH, 


This substance is insoluble in water but is readily soluble in organic sol¬ 
vents The corresponding hydroxide and chloride were made by treating 
it witji cone aqueous potassium hydroxide and with alcoholic calcium 
chloride, respectively Peso suggested that Klein's addition com¬ 
pound was really made up of one molecule of this chloride and one mole¬ 
cule of f-toluidine hydrochloride However he did not attempt to verify 
this conclusion by making Klein’s compound from these substances. When 

1 Klein, Bet , 11, 744 (1878), 13, 8jj (1880) , Pesci, Gats chtm Hal , 38, II, 101, 
in, 460 (1898); Z aHorg. Chtm., 17, 276, 381 (1898), VecchiotU, Gats chtm iiai , 48, 
II, 78 (1918), 



1842 


PRANK C. WHITMORE. 


the hydroxide was treated with a concentrated solution of sodium thio¬ 
sulfate it was changed to mercury di-(2-amino-5-methyl phenyl). 

cH 3 - 

CH, CHj 

Vecchiotti obtained the same results as did Pesci. Indeed the experimental 
data in the two papers are identical except in a few minor points. 

Pesci treated dimethyl-p-toluidine with mercuric acetate and obtained 
mercury (2-dimethylamino-5-methyl phenyl) acetate from which he made 
the corresponding hydroxide, nitrate, chloride, bromide, and iodide. 
The hydroxide with sodium thiosulfate yielded the mercury diphenyl 
derivative, mercury di-(2-dimethylamino-5-methy] phenyl). Pesci briefly 
states that the acetate when treated with an excess of ammonium hy¬ 
droxide gave the mercury" diphenyl derivative. 1 He does not mention 
this reaction in the summary' of his work published later. 2 This method 
of changing RHgX to R 2 Hg has apparently not Ireen observed by any 
other worker with organic mercury compounds. Pesci proved the consti¬ 
tution of the mercury diphenyl derivative obtained from mercury (2- 
dimethvlamino-5-methyl phenyl) hydroxide by synthesizing it from 3- 
bromo-dimethyl-p-toluidine and 1.5% sodium amalgam according to the 
method of Otto for making mercury diphenyl compounds. 8 

Pesci misinterpreted all of his reactions because he assigned incorrect 
structural formulas to all of his compounds except the mercury diphenyl 
derivatives. He believed that the salts which he had prepared each con¬ 
tained two benzene rings and two atoms of mercury in the molecule. 
He thought that one mercury was attached to two carbon atoms and the 
other was attached to two nitrogen atoms. The sodium thiosulfate was 
supposed to remove only the mercury attached to nitrogen. The dif¬ 
ference between Pesci’s views and the more modern one can best be shown 
by equations illustrating the formation of the acetate and the mercury 
diphenyl derivative. 



CHs CH, CH, CH, CH, 


Pesci's formulas. 

1 Gazz. chim. ital., 28, II, 106 f 1898). 

2 Z. anorg. Chem., 17, 176-281 (1898). 

8 Otto, Ann., 154, 94 (1870). This method was first developed by Frankland and 
was used by him in work in the aliphatic series Ann., 130, 105 (1864). 




CHj CH, CHj C'H, 

Modern formulae. 

It will be seen that Pesci had the correct formulas for the mercury di¬ 
phenyl compounds but did not correctly interpret their formation. Pesci’s 
ideas were plausible enough when applied to the aromatic amines which 
he studied but they had to be discarded when Dimroth showed that 
"mercuration” is as general a reaction of aromatic compounds as sul- 
fonation or nitiation. 1 The best positive evidence that Pesci’s double 
formulas are incorrect is that given Jacobs and Heidelberger who proved 
that the mercury compound obtained from aniline contains a primary 
amino group which can be diazotized and then coupled in the usual way 
with dimethylaniline or phenols. 2 

In the present investigation the starting point is p-bromo-dimethyl 
aniline. The dimethyl derivative was chosen as being likely to give fewer 
side reactions than any of the other substituted amines which are to be 
studied later. When an aqueous-alcoholic solution of mercuric acetate 
is allowed to stand with an alcoholic solution of /j-bromo-dimethvlaniline 
for several days there crystallizes out the organo-mercuric salt, mercury 
t2-dimethylamino-5-bromo-'l acetate 

NiCHj). 

/N-wgc^o. 


Hr 

The fine needle crystals of this substance are mixed with a certain amount 
of mercurous acetate. The mother liquor yields only tarry substances 
and more mercurous acetate. Thus at least two reactions are taking 
place, the introduction of the mercuri-acetate group into the ring and 
the oxidation of the p-bromo-dimethylaniline bv the mercuric acetate. 
It was not found possible to eliminate this oxidation reaction completely. 
When p-bromo-dietliylaniline is used instead of the dimethyl compound 
the oxidation becomes the chief reaction. 5 It was at first thought that 
the formation of mercurous acetate was due to a reducing action of the 
alcohol. This was disproved by the fact that boiling mercuric acetate 
for dhys with alcohol gave only minute traces of mercurous acetate. The 
use of more concentrated solutions of mercuric acetate with the J’-bromo- 
dimethylaniline gave larger amounts of mercurous acetate. Heating the 
reaction mixture had a similar effect. To avoid a large concentration of 
1 Z. anorg. Chem., 31, 22711 (1902); 33, juff (1903). 

: J. Biol. Chem., 30, 513 (1915); C. A., 9, 1609 (1915). 

1 This reaction is being studied by Mr. A. R. Cade of this laboratory. 
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mercuric acetate and thus to cut down its oxidizing action experiments 
were carried out in which the acetate was added very slowly and the mix¬ 
ture was stirred by a powerful mechanical stirrer. This did indeed cut 
down the amount of mercurous acetate formed but it also cut down the 
yield of the organo-mercuric salt. 

Various other salts were prepared from the acetate by treating the 
alcoholic solution of the latter with alcoholic solutions of suitable in¬ 
organic salts. In preparing the base alcoholic sodium hydroxide was 
used. The base was found useful in making salts which were not easily 
prepared by the precipitation method. This could be done by treating 
the base with the appropriate acid or better still with an ester of the acid. 
The formate was made in this way by heating the hydroxide with ethyl 
formate. This proved more convenient than the treatment of the hy¬ 
droxide with formic acid or the treatment of the acetate with a formate 
solution. A slight excess of formic acid tends to remove some of the mer¬ 
cury from the ring while an excess of the ester does no harm. The purest 
sample of the acetate obtained was made from the hydroxide and ethyl 
acetate. 

The change of the acetate or the hydroxide into the corresponding 
mercury diphenyl derivative, mercury di-(2-dimethylamino-5-bromo 
phenyl), was tried by all the usual methods. The reagents which bring 
about this change may be divided into two classes: The first class con¬ 
sists of alkaline reducing agents like sodium stannite solution. This 
reagent gave the mercury diphenyl derivative in 63% yield. 
zR — Hg — X + zNaOH + Na 2 Sn 0 2 = 

R 2 Hg + Na 2 Sn 0 3 + zNaX + H ,0 + Hg. 
The second class consists of those inorganic salts which form stable com¬ 
plex mercuric ions. Such substances are iodides, sulfides, and thio¬ 
sulfates. Pesci usually employed the sulfides and thiosulfates in pre¬ 
paring his mercury diphenyl compounds. In the present research these 
substances gave very poor yields. Apparently the sulfide and thiosul¬ 
fate of the organo-mercury base are more stable than those studied by 
Pesci and do not readily break up giving a molecule of an inorganic mer¬ 
cury compound according to the equation 

(RHg) 2 S + Na®S = RjHg + Na^HgSj. 

Potassium iodide proved to be the best reagent for preparing mercury 
di-(2-dimethylamino-5-bromo phenyl) as it gave a yield of 86% and a 
reaction mixture much easier to work up than did the sodium stannite 
which gave the next best yield. 

zR — Hg — C 2 H 3 0 2 + 4KI = RiHg -f- zKQH 3 0 2 + K*HgI 4 . 

It will be noted that all the products are water soluble except the desired 
substance. 
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If the theory that the formation of R s Hg from RHgX depends on the 
removal of HgX s by the formation of a complex is true there should be a 
marked difference in the efficiency of iodides, bromides, and chlorides in 
bringing about this change. As is well known the iodide complex is by 
far the most stable and the chloride complex is the least stable. Experi¬ 
ments showed that while the iodide gave an 86% yield the bromide gave 
only a 3% yield and the chloride gave none of the mercury diphenyl 
compound. In the equation 

2 RHgX + 2MX = RjHg + M 2 HgX4 
it will be seen that half of the mercury appears in an inorganic form which 
would give a precipitate with hydrogen sulfide. The filtrate from the 
reaction of sodium bromide with the organo-mercuric acetate gave an 
immediate black precipitate with hydrogen sulfide. The filtrate from the 
mixture of the acetate with a very large excess of alcoholic calcium chlo¬ 
ride gave no precipitate with hydrogen sulfide, showing that no inorganic 
mercury compound had been formed. 

It was thought that the organo-mercuric iodide might be changed to 
the mercury diphenyl derivative and mercuric iodide by long heating in 
a solvent in which the latter substance is much less soluble than the 
organic iodide. Such does not seem to be the case. Long boiling of a 
benzene solution of the organo-mercuric iodide gave no trace of mercuric 
iodide. Evidently the strong tendency for the formation of R-Hg-X 
depends not merely on the slight solubility of that type of substance but 
also on some peculiarity of the mercury atom which favors union with 
two groups at least as different as a hydrocarbon residue and an acid radical. 

The formate was heated to see if it would yield the mercury diphenyl 
compound. The reduction did not stop at that point as almost all of 
the mercury appeared as metal and only a small amount of the mercury 
diphenyl compound was obtained. The chief organic product was p- 
bromodimethylaniline. 

R—Hg—OCHO = Hg + RH -f COj. 

When the acetate was heated with zinc dust the products were mer¬ 
cury, zinc oxide, p-bromo-dimethylaniline, and unchanged acetate. 
Copper powder gave little action even on long boiling. 

1 ^—Hg—C jHjOj + Zn + H 2 0 = RH + ZnO + Hg + HC 2 H s Oj. 
The acetic acid probably united with the large excess of alcohol present. 

In all the reactions in which the mercury diphenyl compound was 
obtained after long boiling in an alcoholic solution small amounts of mer¬ 
cury metal were obtained. Usually this amounted to less than 0.1 g. 
The reaction wUch gives rise to this free mercury is evidently a very 
slow one as long boiling of the mercury di-(2-dimethyIamino-5-bromo 
phenyl) with an excess of alcoholic potassium iodide or with alcohol alone 
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only gave a very small amount of metallic mercury. Small amounts of 
p-bromo-dimethylamline were sometimes obtained in these experiments. 
The reaction is possibly due to a slight reducing action of the alcohol on 
the organo-mercury compound. 

The reaction of mercury di-(2-dimethylamino 5-bromo phenyl) with 
mercuric salts of monobasic inorganic acids was proved to proceed quan¬ 
titatively according to the equation 

R 2 Hg + HgX. = 2R—Hg—X. 

The reaction was carried out with mercuric chloride, bromide, iodide, 
and thiocyanate When mercuric salts oi dibasic acids were used no satis¬ 
factory results were obtained Thus mercuric sulfate when heated with 
the mercury diphenyl compound gave mercuric oxide and p-brotno-di- 
methylanihne Probably the reaction proceeded as follows 
HgSOi 4 - CdI,OH = HgO + (C,H r )HSOi 
The ethylsulfuric acid would then react with the organic mercury com¬ 
pound liberating its mercury in inorganic form and leaving the p-bromo 
dimethylaniline The reaction of less easily hydrolyzable mercurv salts 
of dibasic acids with mercury diphenyl and its derivatives will be studied 
later. 

EXPERIMENTAL PART 

Reaction of Mercuric Acetate with f-Bromo-dimethylaniline. 

Reaction in Cold Dilute Solution.—80 g of mercuric acetate was 
dissolved in 150 cc of hot water containing 5 cc of glacial acetic acid 
to prevent the h\ drolysis of the acetate A small amount of mercurous 
acetate formed and was filtered off A solution of 40 g of p bromo- 
dimethylamline in 700 cc of hot 95% alcohol was prepared and filtered 
into a one-quart fruit jar When both solutions had cooled to 30 0 the 
mercuric acetate solution was added to the solution m the fruit jar and the 
latter was stoppered tightly If the solutions were mixed at a higher 
temperature yellow mercuric oxide separated, as mercuric acetate re 
acts almost completely with hot alcohol undergoing ‘‘alcoholysis ” No 
change was evident on mixing the cool solutions After standing at room 
temperature for about 6 hours long needle crystals began to form slowly. 
At the end of 6 days the formation of crystals had ceased After filtra¬ 
tion by suction the crystalline residue (75 g ) was heated under a reflux 
condenser for 15 minutes with 250 cc. of benzene, and then filtered through 
a steam funnel. The residue (7 5 g.) from this extraction on treatment 
with 100 cc. more of benzene gave no more soluble material. This residue 
insoluble in benzene was practically pure mercurous acetate. The benzene 
extract gave large amounts of pure white crystals as s«on as it passed 
through the steam funnel. When thoroughly cold it formed a solid mass 
of crystals. Filtration left 62 g. of fine, pure white needles melting at 
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738 to 140no cc. of benzene was distilled off from the mother liquor 
and the residue was allowed to evaporate spontaneously giving 5.5 g. 
of crystals melting at 135The alcoholic mother liquor from the original 
reaction mixture gave no more crystals on long standing. 750 cc. of al¬ 
cohol was distilled off On cooling a black tar was obtained which left 
7.7 g. of mercurous acetate after extraction with hot alcohol. The al¬ 
coholic extract on standing gave 4.4 g. of an unmanageable black tar. 
In later preparations the mother liquor from the original reaction mix¬ 
ture was worked up only for the recovery of the alcohol. All the easily 
obtainable organo-mercuric acetate separated during the long standing. 
The evaporation of the mother liquor on the steam bath increased the 
oxidizing action of the mercuric acetate which resulted in the formation 
of mercurous acetate and the objectionable tar. Even without recovering 
any organic mercury compound from the original mother liquor, 40 g. 
of /’-bromo-dimethylaniline gave 67.5 g. of mercury-(2 -dimethylainino- 
3-bromo phenyl) acetate (74% yield) 

Effect of Greater Concentration and Heating--Two g. of p-bromo- 
dimethylaniline was heated with 10 cc. of alcohol and treated with a hot 
solution of 3.2 g. of mercuric acetate in 4 ee. of water and 2 cc. of glacial 
acetic acid. An oil separated at once. After heating for 5 minutes on 
the steam bath the oil disappeared and white, flaky crystals appeared. 
After heating for two hours the mixture was filtered. The white crys¬ 
tals proved to be mercurous acetate (1.2 g.). The alcoholic filtrate on 
evaporation gave a brown oil which did not crystallize even on standing 
for 3 months. 

Effect of Slow Addition of the Mercuric Acetate with Vigorous Stirring. 

-—77 g. of mercuric acetate was dissolved in 150 cc. of hot water con¬ 
taining 2 cc. of glacial acetic acid. The nearly clear solution was treated 
with 250 cc. of alcohol and filtered. 40 g. of p-bromo-dimethylaniline 
was dissolved in 300 cc. of alcohol and filtered into a large wide-mouth 
bottle provided with a powerful mechanical stirrer. The mercuric ace¬ 
tate solution was added in 10 cc. portions with constant stirring for 3 
days. The crystals which had separated were treated in the usual way. 
The amount of mercurous acetate obtained from the first crystals was 
4.2 g. as compared with 7.5 g. in a run in which all of the mercuric ace¬ 
tate, was added at once without stirring. However only 53.6 g. of the 
organo-mercuric acetate was obtained as compared with 67.5 g. in the 
other experiment. 

Action of Mercuric Acetate with Alcohol.—Seven g. of mercuric ace¬ 
tate was treated with one cc. of acetic acid and 50 cc. of alcohol and heated 
until no more dissolved. About 0.1 g. of mercurous acetate was filtered 
off and the solution was heated under reflux for 5 days and nights. Filtra- 
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tion left less than 0.1 g. of mercurous acetate. Evaporation of the fil¬ 
trate gave no more mercurous acetate. 

Properties of Mercury a-Dimethylamino-5-bromo Phenylacetate. 

The acetate forms white, needle crystals melting at 144 0 . 1 It is almost 
insoluble in water and in petroleum ether (b. p. 35-45 °). It is difficultly 
soluble in toluene, ethyl ether, and chloroform even on heating. It is 
fairly soluble in hot ethyl acetate, benzene, and carbon tetrachloride. 
It is very soluble in hot methyl alcohol, ethyl alcohol, and acetone. Car¬ 
bon disulfide dissolves it readily even in the cold. The best crystals are 
obtained from methyl alcohol, ethyl alcohol, and benzene. Benzene is 
the best solvent for purification as it does not dissolve mercurous acetate, 
the impurity most likely to be present. The acetate is also soluble in 
cold cone, ammonium hydroxide. 

Action of the Acetate with Hydrogen Sulfide.—A suspension of the 
organo-mercurie acetate in water gave no black precipitate with hydrogen 
sulfide. A small amount of a white, gelatinous precipitate formed showing 
that the sulfide of the mercury base is even less soluble than the acetate. 
An alcoholic solution of the acetate gave no black precipitate with hydro¬ 
gen sulfide. A solution of the acetate in ammonium hydroxide was sat¬ 
urated with hydrogen sulfide and stoppered. The pure white precipi¬ 
tate which formed first had not changed at the end of 3 hours. At the 
end of 5 hours it had turned gTay. These tests show that the mercury 
in mercury-(2-dimethylamino-5-bromo phenyl)-acetate is very com¬ 
pletely "masked” or non-ionized, Similar experiments with the other 
organic mercury compounds prepared in this work showed that their 
mercury atoms were in the same masked condition. 

Analysis of the Acetate for Bromine and for Mercury.—The organic 
mercury compounds mentioned in this paper were analyzed in the fol¬ 
lowing way: A sample of the substance was decomposed in a Carius tube 
by means of fuming nitric acid. For complete decomposition heating 
at about 200 0 for at least 36 hours was required. In samples which were 
heated for shorter periods organic material was often left undecomposed. 
This apparently consisted of water-soluble nitro compounds which inter¬ 
fered with the quantitative precipitation of the mercury sulfide by am¬ 
monium sulfide. The contents of the Carius tube were diluted, trans¬ 
ferred to a beaker, and nearly neutralized by sodium hydrogen carbonate 
free from halogen. Freshly prepared ammonium sulfide made from 10 
cc. of cone, ammonium hydroxide was then added with stirring. The 
reaction mixture was allowed to stand on a steam bath overnight and was 
then filtered through a weighed Gooch crucible and dried at no 0 for one 
hour. This method of analysis gave better results than the ordinarily 
recommended method of dissolving the mercury sulfide in sodium hydrox- 
1 All melting points given in this paper are "uncorrected.’’ 
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ide and reprecipitating it with ammonium nitrate in order to get the pre- 
dpitate in a more easily filterable form. By using the method indicated 
there was no trouble in filtering the precipitate. Moreover the mer¬ 
cury sulfide contained practically no free sulfur. This was shown by 
extracting the weighed precipitate for an hour with carbon disulfide. The 
loss in weight seldom exceeded 0.2 mg. The extraction with carbon di¬ 
sulfide was carried out in an extraction flask having a nude neck and pro¬ 
vided with a reflux condenser. The Gooch crucible with a piece of filter 
paper tied around it was set in a support of heavy copper wire by means 
of a pair of long, straight tongs. A cone of filter paper was then placed on 
top of the crucible and the condenser was put in place. The purpose of 
the filter paper cone is to prevent the dropping of the condensed carbon 
disulfide from becoming rapid enough to wash the asbestos mat loose. 
Even with this precaution mercury sulfide might be washed through if 
the mat were unusually thin. In this case the outside filter paper will 
show the mercury sulfide and the analysis can be discarded. This happened 
only once in the analysis of the substances mentioned in this paper. 

The filtrate and washing from the mercury sulfide, about 400 cc., were 
made barely acid with dil. nitric acid. In most cases no sulfur separated. 
When sulfur did appear it was usually from a sample which had not been 
thoroughly heated on the steam bath. The slightly acid solution was 
then warmed on the steam bath until no odor was perceptible, after which 
the clear solution was treated with silver nitrate and the silver halide was 
determined gravimetrically. 

Calc, for CioHjjOjNBrHg. Hg, 43.7, Br, 175 Found Hg, 439, Br, 182. 

Preparation of Other Salts from the Acetate. 

The chloride, bromide, iodide, and thiocyanate were prepared by treat¬ 
ing alcoholic solutions of the acetate with alcoholic solutions of calcium 
chloride, sodium bromide, potassium iodide, and potassium thiocyanate, 
respectively. In the cases of the chloride, bromide, and thiocyanate the 
product precipitated out of the hot solutions. As the iodide was much 
more soluble it was found desirable to mix the calculated amounts of the 
acetate and potassium iodide in a small volume of alcohol and reflux until 
most of the material had gone into solution. After filtering and cooling 
crystals separated which were freed from any potassium acetate by wash¬ 
ing with a little water. 

Properties of Mercury (2-Dimethylamino-5-bromo Phenyl) Chloride. 
--The chloride separated from alcohoi or benzene in felted masses of 
very fine needles, m. p. 183°. Its solubilities are about the same as those 
of the acetate. 

Subs, 0.3231 HgS, o 1716, mixed AgBr + AgCl, 02498 

Calc for CsHtNCIBrHg Hg, 460; Br + Cl (i: 1), 36.6. Found- Hg, 45.8; 
® r + Cl, 26.9. 



1850 


FRANK C. WHITMORE. 


Properties of the Bromide. —The bromide tends to form larger crystals 
than the chloride and does not assume the “felted” appearance of the 
latter. M. p. 182°. It is rather more soluble in all the organic solvents 
than the chloride. 

Calc, for CsHjNBrHg. Hg, 41.8. Found: 41.8. 

Properties of the Iodide. —The appearance of the iodide is very much 
like that of the bromide. It is very much more soluble in organic sol¬ 
vents. M. p. 169°. 

Calc, for CsHtNBrIHg: Hg, 38.0. Found: 37.8. 

Properties of the Thiocyanate. —The thiocyanate separated from 
the reaction mixture in fine, white, gritty crystals, m. p. 135", decompos¬ 
ing at 140®. It is insoluble in water and petroleum ether, slightly soluble 
in carbon tetrachloride, difficultly soluble in ether, soluble in acetic 
acid and carbon disulfide, very soluble on heating in methyl alcohol, 
ethyl alcohol, ethyl acetate, benzene, toluene, and chloroform. It dissolves 
readily in cold acetone. The only solvent which gives good crystals is 
ethyl acetate. 

Calc, for CjH,N 2 BrSHg- Hg, 43.8. Br, 17.5. Found: Hg, 43.4; Br, 17.4. 

Preparation and Properties of the Base, Mercury (2-Dimethylamino-s* 
bromo Phenyl-)hydroxide.— An alcoholic solution of the acetate when 
treated with the calculated amount of sodium hydroxide in alcohol slowly 
deposited hard, wart-like masses of crystals. These melt at 162° and give 
off bubbles without blackening at 165°. No method was found for puri¬ 
fying this substance as it is practically insoluble in all solvents except 
acetic acid and ethyl acetate which, of course, change it back to the ace¬ 
tate. The powdered crystals were dried over soda lime and analyzed. 

Calc, for CsHinONBrHg: Hg, 48 1. Found: 48.4. 

Preparation and Properties of the Formate— Five g. of the hydrox¬ 
ide was heated under a reflux condenser with 50 ce. of ethyl formate for 
half an hour. Most of the hydroxide dissolved. When filtered and cooled 
the solution gave fine felted needles, m. p. 145°, decomposing at 150°. 
On standing the pure white crystals turned black, possibly due to the 
liberation of a small amount of mercury. The solubilities of the formate 
are similar to those of the acetate except that it is rather more soluble, 
notably so in water, chloroform, and carbon tetrachloride. 

Calc for CtHioOrNBrHg: Hg, 45 1; Br, 18.0. Found; Hg, 45.4; Br, 18.8. 

Preparation of the Mercury Diphenyl Derivative. Mercury Di-(2- 
dimethylamino-5-bromo Phenyl). 

27.6 g. of mercury(2-dimethylamino-5-bromo phenyl) acetate was 
mixed with 23 g. of powdered potassium iodide and heated with 200 cc 
of alcohol under a reflux condenser for 8 hours. At the end of the heat¬ 
ing most of the material had dissolved giving a pale yellow solution. A 
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small insoluble residue was colored dark by metallic mercury. After 
filtration the residue was extracted with cold benzene giving a solution 
which left 7.5 g. of crystals melting at 95 to 105 °. The residue insoluble 
in benzene contained 0.5 g. of metallic mercury and a water-soluble in¬ 
organic compound (KjHgL). The original yellow alcoholic solution de¬ 
posited 8.2 g. of crystals melting at 114 to 119°. The mother liquor from 
these crystals was treated with 200 cc. of water and allowed to stand. 
2.6 g. of crystals melting at 55 0 were obtained. This substance was proved 
to be p-bromo-dimethylaniline. The water-alcohol mother liquor gave 
no more solid even on evaporation. The yield of the mercury diphenyl 
derivative was 86%. 

The 15.5 g. of crystals melting over 95° was dissolved in 30 cc. of hot 
benzene and mixed with 50 cc. of petroleum ether (b. p. 35 to 45°). The 
mixture was only slightly turbid. On standing, 12 g. of crystals melting 
115 0 separated. Three more crystallizations raised the melting point 
to 123 0 . The mother liquors yielded a small amount of /vbromo-di- 
methylaniline. 

Properties of the Diphenyl Derivative.—The substance crystallizes 
in fine, white needles, m. p. 123 °. It dissolves in the same solvents as 
the acetate but to a much greater extent. It is readily soluble even in 
the cold in benzene, toluene, ether, carbon disulfide, and acetone. 

Calc, for Ci8HinN 2 Br 2 Hg: Hg, 33.5; Br, 26.8. Found: Hg, 333, Br, 26.5. 

Other Methods of Obtaining the Mercury Diphenyl Derivative. 

Action of the Acetate with Ammonium Bromide.—9.2 g. of mercury- 
(2-dimetliylamino-5-bromo phenyl) acetate was mixed with 4 g. of am¬ 
monium bromide and 200 cc. of alcohol and heated under a reflux con¬ 
denser for 3 hours. The reaction mixture was worked up in the same 
way as that obtained by means of potassium iodide. The products 
obtained were 3.2 g. of the bromide, 0.2 g. of the mercury diphenyl com¬ 
pound, and 2.6 g. of p-bromo-dimethylaniiine. The aqueous washings 
from the last substance contained large amounts of inorganic mercury 
compounds probably formed by the hvdrobromic acid liberated by the 
dissociation of the ammonium bromide. 

Action of the Acetate with Sodium Bromide. —The experiment was 
earned out in the same way as with the ammonium bromide. An in¬ 
soluble' residue consisted of 0.8 g. of metallic mercury and 6.4 g. of the 
bromide. The original solution deposited 1.2 g. of the bromide on cool¬ 
ing. Evaporation of the mother liquor left a sticky solid from which some 
inorganic mercury compound was extracted by water. 

Action of the Acetate with Large Excess of Calcium Chloride. —2.3 
g- of the acetate with 2 g. calcium chloride, and 25 cc. water and 100 cc. 
°f alcohol were heated under a reflux condenser for 12 hours. The solid 
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residue (0.8 g.) consisted of impure chloride (m. p. 171-4°). The solu¬ 
tion on cooling deposited 1.1 g. of the chloride, m. p. 181 Evaporation 
of the mother liquor gave 1.2 g. of solid, most of which dissolved in water. 
The water solution gave no action with hydrogen sulfide showing that 
no inorganic mercury compound had been formed. 

Effect of Heat on the Iodide in Benzene Solution.— 1.7 g. of the iodide 
in 50 cc. of benzene was heated under a reflux condenser for 6 hours. 
Only unchanged iodide was recovered. There was no evidence of the 
formation of any mercuric iodide or of metallic mercury. 

Heating of the Mercury Diphenyl Compound with Excess of Potas¬ 
sium Iodide. —Long refluxing (15 hours) of the mercury diphenyl deriva¬ 
tive with a large excess of potassium iodide in alcohol gave a very small 
amount (less than 0.1 g.) of metallic mercury and a very small amount of 
a water-soluble inorganic mercury compound. Most of the mercury 
diphenyl compound was recovered unchanged. When the mercury di¬ 
phenyl derivative was refluxed with alcohol for 30 hours a slight amount 
of metallic mercury was formed. No inorganic mercury compound was 
obtained. Pure potassium mercuric iodide was refluxed for 10 hours 
with alcohol without the formation of any metallic mercury'- These ex¬ 
periments show that the formation of metallic mercury is due to the ac- 
tion of the organo-mercury compounds with the alcohol. The reaction 
is in all cases a very slight one. 

Action of the Acetate with Sodium Thiosulfate.—Five g. of the ace¬ 
tate in a mixture of 100 cc. of alcohol and 100 cc. of benzene was treated 
with 7 g. of sodium thiosulfate in 10 cc. of cold water. At first 
there was no change apparent on shaking. On standing the mixture 
turned black. A11 excess of cone, sodium thiosulfate solution was added. 
The black precipitate did not change. Filtration gave a clear solution 
which turned black on standing. The black substances were tarry and 
unmanageable. Probably they were mixtures of the organo-mercuric 
thiosulfate, the mercury diphenyl compound, metallic mercury, etc. 

Action of the Acetate with Potassium Sulfide. —When an alcoholic- 
solution of the acetate is treated with alcoholic potassium sulfide a pure, 
white precipitate forms at once. This almost instantly turns yellow, 
then gray, and finally black. This change is very rapid if the solutions 
are warm when mixed. Attempts were made to filter off the precipitate 
made from cold solutions before it had a chance to darken. These were 
unsuccessful as the sulfide is very gelatinous and filters slowly. During 
this slow filtration the precipitate always turned yellow. The white sul¬ 
fide was finally obtained in the following way: 2.3 g. of the acetate dis¬ 
solved in 250 cc. of cold alcohol was mixed with 20 cc. of alcohol con 
taining 0.28 g. of potassium sulfide. The mixture was immediately poured 
into cold water. The precipitate remained white. It was filtered through 
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a fluted filter paper and dried between several thicknesses of filter paper. 
When wet the sulfide formed a thick, gelatinous mass; when dry it formed 
hard, white flakes which turned slightly gray on long standing. When 
heated in a melting point tube it turned gray at about 97 0 and partly 
melted 115 to 120°. This behavior is probably due to the change of the 
sulfide into mercuric sulfide and the mercury diphenyl derivative (m. p. 
123 °). The sulfide was not soluble in any cold solvent. All hot solvents 
turned it gray except ether and petroleum ether in which it was not ap¬ 
preciably soluble. The other solvents dissolved part of it on heating but 
gave very tarry substances on evaporation. Evidently the decomposi¬ 
tion of the organo-mercuric sulfide into mercuric sulfide and the mercury 
diphenyl derivative is not readily brought to completion. 

Action of the Acetate and the Hydroxide with Stannous Compounds. 
—9.2 g. of the acetate in 400 ec. of alcohol treated with aqueous sodium 
stannite made from 2.3 g. of crystallized stannous chloride and an excess 
of sodium hydroxide gave 3.8 g. of the mercury diphenyl compound, 
a 63% yield. 

When the hydroxide was refluxed in alcohol with stannous chloride 
the chief products were the organo-mercuric chloride, metallic mercury 
and p-bromo-dimethylaniline. The formation of the last named substance 
was probably due to hydrochloric acid liberated by the hydrolysis of the 
stannous chloride. 

When the base was treated with freshly precipitated stannous hydrox¬ 
ide suspended in alcohol only a very small amount of the mercury di¬ 
phenyl compound was obtained. This was probably due to the slight 
solubility of both substances in alcohol. 

Effect of Heat on the Formate. -One g. of the formate was heated for 
30 hours with 20 cc. of benzene and 20 cc. of alcohol. 0.4 g. of metallic 
mercury was formed. The filtrate on standing gave less than 0.1 g. of 
the mercury diphenyl compound and about 0.5 g. of f-bromo dimethyl- 
aniline. 

Action of the Acetate with. Zinc Dust.—4.6 g. of the acetate mixed 
with 0.4 g. of zinc dust and 100 cc. of alcohol was heated under a reflux 
condenser for 2 hours. The residue weighed 0.9 g. and consisted of me¬ 
tallic mercury and some zinc oxide (or hydroxide). The solution gave 
1.3 g. of unchanged acetate and 0.9 g. p-bromo-dime thy [aniline. When 
the experiment was repeated, using copper powder, no product but the 
original acetate and a very small amount of metallic mercury was obtained. 

Action of Mercuric Salts with the Mercury Diphenyl Derivative, 
Mercury Di-(a-dimethylamino-s-bromo Phenyl). 

One g. of the mercury diphenyl compound mixed with 0.5 g. of mer¬ 
curic chloride and 50 cc. of alcohol and refluxed for 4 hours gave 1.5 g. 
of the chloride, melting at 181 °. Yield, 100%. 
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A similar experiment using mercuric bromide gave 1.5 g. of the bromide, 
melting at 179 0 . Yield, 94%. 

Using mercuric iodide instead of the chloride, 1.7 g. of the iodide was 
obtained, melting at 160 0 . Yield, 95 °/ c . It will be noted that the iodide 
obtained in this way is not as nearly pure as are the corresponding bromide 
and chloride. 

When mercuric thiocyanate was used in place of the halides the organo- 
mereuric thiocyanate melting at 130° was obtained in 87% yield. 

One g. of the mercury diphenyl compound refluxed with 0.5 g. of mer 
curie sulfate in alcohol gave a yellow solid which proved to be basic mer 
curie sulfate and a small amount of p-bromo-dimethylaniline. 

Summary. 

1. Mercuric acetate reacts with p-bromo-diniethylaniline introducing 
the mercuri-aeetate group, —Hg—O—CO—CH 3 , into the ortho position. 
Yield, 74%- 

2. The mercury-(2-dimethylamino-5-bromo phenyl-) acetate obtained 
in this way readily yields other salts by double decomposition reactions. 
The chloride, bromide, iodide, and thiocyanate were prepared and their 
properties studied. 

3. The organo-mercuric hydroxide of this series was prepared. From 
it was made the corresponding formate by treatment with ethyl formate. 
This treatment of an organo-mercuric hydroxide with an ester gives a 
new method for making organo-mercuric salts which cannot conveniently 
be made in any other way. 

4. The mercury diphenyl derivative was made and its properties studied. 

5. The change of compounds of the type R—Hg—X to those of the 
mercury dipbenvl type, R»Hg, may be brought about by alkaline reduc¬ 
ing agents and by substances like iodides, sulfides, and thiosulfates It 
is suggested that this reaction depends upon the ability of these sub¬ 
stances to form very stable complex ions of mercury. In confirmation of 
this it has been found that the iodides are most efficient of the halides 
in bringing about this reaction. Bromides bring it about to only a very' 
slight extent and chlorides do not do so at all. 

MnnfBAPObis, Mihn 
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Previous papers from this laboratory 1 have described the purification 
and properties of pancreatic amylase preparations which, while not chem¬ 
ically pure, appear to constitute a definite product of protein nature, 
similar in most of its chemical characteristics to the malt amylase described 
by Osborne. 2 but showing much greater enzymic activity. Several years’ 
study leads us to conclude in regard to our pancreatic amylase as did 
Osborne in his study of the amylase of malt that the protein of which the 
fin il preparation is composed is not merely a carrier, but probably more 
nearly represents an approximate isolation of the enzyme itself, though 
as we have pointed out elsewhere/ there is reason to believe that in each 
case a part of the enzyme may have undergone, during its purification, 
some hydrolysis or chemical rearrangement with a corresponding diminu¬ 
tion of amvlolytic power, 

Last year we showed in some detail 4 that the purified pancreatic amylase 
preparations made in this laboratory exhibit also a proteolytic activity 
similar to that of trypsin, and fully equal in intensity to that of the best 
commercial trypsins which wc have tested, though they are not so active 
proteolytically as another of our preparations from the pancreas. 

The marked proteolytic activity of our purified pancreatic amylase 
preparation is characteristic of it, as contrasted with our purified amylase 
preparations from malt and from Aspergillus orrzac. It is well known 
that extracts of malt and of Aspergillus oryzac con rain proteases, as do 
also commerical taka-diastase and crude precipitated malt diastase; 
but the purified malt amylase prepared as described in a previous paper* 
has now been tested throughout a wide range of hydrogen ion concentra¬ 
tion without revealing any proteolytic action, and the amylase prepara¬ 
tion from Aspergillus oryeae, in such degree of purity as has so far been 
obtained, shows only about one-fortieth of the proteolytic activity of the 
purified pancreatic amylase preparation. 

The proteolytic activity thus shown by the pancreatic amylase prepara¬ 
tion mi&ht be attributed to the presence in the pancreas of a protease 
independent of the amylase but having so nearly the same solubilities 
i Sherman and Scblesinger, This Journal, 33, 1195 (1911); 34, 1104 (191a); 37, 
Mos (1915)- 

•Osborne, Ibid., 17, 587 (1893); Ibid., 18, 536 (1896). 

• Sherman and Scblesinger, Ibid., 37, 1305 (1915). 

4 Sherman and Neun, Ibid., 40, 1138 (1918). 

•Sherman and Schlestnger, Ibid., 37, 643 (1913). 
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as to remain admixed with the amylase throughout the purification process 
to which the latter has been subjected. Possibly a part of the trypsin 
may thus accompany the amylase. 

The facts observed and to be described below also suggest the possi¬ 
bility that the amylolytic and proteolytic activities may in this case be 
the characteristic properties of interrelated substances or may conceivably 
be two properties of the same substance, analogous to the finding of Osborne 
and Wells 1 that a single isolated protein (hordein or gliadin) may contain 
more than one antigenic radical. One is also reminded of the problem 
of the possible identity of pepsin and rennin. 

The experiments described below were undertaken with a view to throw¬ 
ing some further light upon the nature of the relationship which exists 
between the amylolytic and proteolytic activities of our purified pancreatic 
amylase preparations. 

Experimental. 

In our usual method of purification,’ high grade commercial pancreatin 
is extracted with 50% alcohol, this filtrate is precipitated with alcohol- 
ether mixture and the precipitate dissolved in water and precipitated 
with absolute alcohol, then dissolved and dialyzed in 50% alcohol con¬ 
taining maltose to retard deterioration, and finally precipitated with an 
equal volume of 1 1 alcohol-ether mixture. In this procedure there 

settles out in the dialyzing sacs some material which, originally soluble 
in 50% alcohol, has now become insoluble in the same solvent apparently 
as a result of the preceding precipitation with absolute alcohol or standing 
in 50% alcohol, or both. This product, "sac precipitate," has little, if 
any, diastatic power, but has higher proteolytic activity than has the 
final amylase preparation. In fact, it is much the most active protease 
of which we have knowledge. 

In order to test whether the amylase and protease activities of the final 
product of our usual method of purification are due to admixed substances 
which can be separated by differing solubilities in alcohol, we substituted 
for the usual final precipitation with 1 . 1 alcohol-ether, a precipitation 
with an equal volume of a mixture of two parts alcohol to one of ether, 
the product thus obtained being called Precipitate A, after which a second 
precipitate, B, was obtained by adding more ether. Precipitate A was 
separated by centrifugal force, with the additional precaution of cooling 
the centrifuge with liquid air,* and decantation; Precipitate B, by filtra¬ 
tion after the addition to the solution decanted from Precipitate A, of an 
amount of ether equal to half its volume. 

1 Osborne and Wells, J. In fer. Diseases, 12, 341 (1913) 

» Sherman and Schlesinger, Tins Journal, 37, 1303 (1913). 

* This precaution appeared important because otherwise there was a large lo«- of 
amylolytic power in the precipitation and handling of the final products 
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Typically the amyiolytic activity of Precipitate A was lower than 
that of Precipitate B; but the latter was not more active than our usual 
amylase preparations. 

The proteolytic activity was higher in Precipitate A than in Precipi¬ 
tate B. 

The full description of a single typical experiment follows • 

Preparation 78 fN. 14):— jo g of an-dry pancreatm was mixed with 200 cc of 
50% alcohol at s° and allowed to stand 20 mmules surrounded by a freeling mixture, 
then filtered, and the filtrate received in cylinders surrounded by a freezing mixture 
The residue was wa-hed with absolute alcohol and ether, then dried in a vacuum des¬ 
iccator (The washings were kept separate from the filtrate and uml rejected) The 
filtrate or 50 '‘ 0 alcohol extract, which amounted to 142 cc was poured into one liter of 
alcohol-ether mixture (1 4) and after standing 20 minutes surrounded by a freezing 

mixture, the supernatant liquid was decanted and the residue was dissolved in 57 cc 
of triply distilled water at 1° and this solution w as poured into 4 jo cc of absolute alcohol 
which had been chilled m a freezing mixture The resulting floceulent precipitate was 
made to settle by centrifuging for 15 minutes, liquid air being continuously introduced 
into the rentnfugt to keep it cold The temperature of the liquid was thus kept below 
14 0 even after continuous centrifuging (or 15 minutes The precipitate was dissolved 
in 250 cc of <o'; alcohol containing j g of maltose and dialyzed m two collodion sacs 
against 2 hteis of cold 50% -alcohol for 40 hours, changing the dialysate morning and 
evening The ,4 dialysates were rejected The precipitate which appeared in the 
dialyzing sac was filtered m an ice chest, the filtrate 1 being received m cylinders packed 
in a freezing mixture Thi-- filtrate (-530 cc) was mixed with an equal volume of 
ulcohol-etlicr mixture (2 1) and the resulting floceulent precipitate was collected by 

centrifuging for 15 minutes with a continuous stream of liquid air passing into the cen¬ 
trifuge as described above On this case a maximum temperature of 19° was reached ) 
The precipitate thus obtained was scraped out of the centrifuge cups, dried in vacuo 
and weighed as "Precipitate A " The filtrate was poured into half its volume of ether, 
the resulting precipitate separated by filtration at ice box temperature, dned in vacuo , 
and weighed as "Precipitate B ” 

The weights and activities of these products are shown m Table IV 

Amyiolytic Activity.-—To permit of comparison with other prepara¬ 
tions, the amyiolytic activities of the 4 fractions obtained in each of several 
experiments are given in Table I, both in terms of the “new scale” diastatic 
powers as generally used in this laboratory since 1910, and as ‘‘saccharo- 
genic powers’’ defined as the number of mg. of maltose formed per hour 
at 40° by each mg. of enzyme acting upon a sufficient excess of substrate. 

As was to be expected in view of earlier work the extractions, dialyses 
aud precipitations with alcohol necessarily involve more or less destruc¬ 
tion or inactivation of the amylase (probably at least half of that present), 
which together with experimental errors, make the results somewhat ir¬ 
regular when the activities of the different fractions are stated in quanti 
tative terms. The general trend of the results is, however, quite pro- 

1 The precipitate wax subsequently washed 3 times with cold io 9 < alcohol by cen¬ 
trifuging and decantation, the washings rejected and the washed precipitate dried 
mi vacuo. 
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nouneed and uniform. The residue from extraction with 50% alcohol 
has much less amylolytic power than the original pancreatin, while that 
of the “sac precipitate” is much smaller still, negligible, in fact, as com¬ 
pared with the activity of the material which remains to be precipitated 
by alcohol. The amylase activities of the two alcohol precipitates (A 
and B) are of the same order of magnitude both with each other and with 
the final products of the method of purification which we have usually 
employed in the past. Typically, as in Preparation 78 (N. 14), the amylo¬ 
lytic power of Precipitate B is higher than that of Precipitate A. It is, 
however, not higher than has been obtained by the method of purifica¬ 
tion previously employed. 

Table I —Amylolytic Activities of Pancreas Products 


Preparation 


Sac 

Precipitate 

Precipitate 

number 

Residue 

precipitate 

\ 


Diastatic 

powers “new scale oi’ 

1910 " 


72 (N 8) 

<>5 

20 

2394 

3000 

75 (N.n) 

82 

51 

1955 

2195 

77 (N 13) 

133 


2677 

2500 

78 (N.14) 

152 

51 

2624 

3700 

81 (N 17) 

81 

49 

2022 

2800 


Saccharogcnic powcis 



72 

33 ° 

no 

11580 

14280 

75 

410 

256 

9550 

10500 

77 

680 

110 

12800 

10150 

78 

756 


12 LiOO 

17370 

81 

410 

250 

1 390 > 

13400 


Proteolytic Activity.—If we express proteolytic activity in terras of 
the number of parts of casein nitrogen converted, (a) to soluble products, 
or ( b ) to ainino nitrogen, by one part of enzyme preparation per hour at 
40°, then the data for the proteolytic activities of the fractions obtained 
in typical experiments are as shown in Table II. 

Table IT --Proteolytic Activities or Pancreas Products. 


Preparation 


boc 

F'ru ipitate 

Precipitate 

number 

Residue. 

preerpitaft* 

\ 


Nitrogen digested to soluble 

forms [a) 


72 

1 2 

256 

Ho 

55 

75 

12 

256 

89 

63 

77 

13 

257 

00 

55 

7« 

13 

252 

83 

68 

81 

12 

214 

04 

69 


Nitrogen digested to amino form (In 


72 

' 3 

26.4 

7-3 

5 5 

75 

1 3 

29.6 

12.5 

5-7 

77 

1 4 

28 6 

8 8 

5-7 

78 

' -4 

31 2 

«■ -5 

6.2 

81 

1.1 

33.8 

8.6 

5.4 

It will be seen that the 

sac precipitates have much higher proteolytic 


activities than either of the later alcohol precipitates, A or B. As between 
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the latter, Precipitate A always exceeds Precipitate B in proteolytic ac¬ 
tivity. These relations hold uniformly true whether the proteolytic 
activity be judged from the total “soluble" nitrogen or the amino nitrogen 
of the cleavage products of the casein. In order to make the proteolytic 
powers comparable with the amylolytic (saccharogenic) powers, they are 
best expressed in terms of protein digested per hour by unit quantity of 
enzyme preparation. The data (a) of Table II then become as shown in 
Table III. 

Table III. —Proteolytic Activities in Terms of Casein Digested to Soluble 

Products 


Preparation 

number 

Kesiduc 

Sue 

precipitate 

Precipitate 

A 

Precipitate 

B 

7 ? 

75 

l 6 <x> 

500 

344 

75 

75 

1600 


394 

77 

«i 

1607 


344 

7 « 

81 

*575 

51V 

475 

81 

75 

1.us 

588 

43 * 


Of the total enzymic activity of the pancreatin powder employed in 
such experiments a larger proportion of the proteolytic than of the amylo¬ 
lytic power is recovered in the 4 products here described. This is shown 
in quantitative terms in Table IV. 

Discussion.--The exceedingly unstable nature of the material under 
purification, the relatively large losses which appear to be unavoidably 
involved in precipitation and reprecipitation if the characteristic amylo¬ 
lytic activity is not to be destroyed in the process, the dependence of the 
yields of precipitate upon minute details of manipulation which proba¬ 
bly cannot be completely formulated and standardized until our knowl¬ 
edge of the behavior of colloidal substances is further developed, are all 
conditions which tend against closely concordant results in successive ex¬ 
periments, even after long practice has acquainted one with the many 
sources of difficulty and with the necessity for the utmost care and cau¬ 
tion at every step. 

For the same reasons and particularly because of the great tendency 
to loss of amylolytic activity when pancreatic amylase in the absence of 
salts and carbohydrates is held in solution or subjected to precipitation, 
it was not feasible to push the fractionation further by repeatedly dis¬ 
solving and repredpitating as would have been done in a similar study 
of a simpler or more stable substance. This deterioration in activity 
of the enzyme in solution which has been emphasized and discussed in 
previous papers and is much more pronounced in the case of amylolytic 
than of proteolytic action might of itself explain the fact that of the total 
enzyme activity of the original pancreatin employed in the experiments 
referred to in Table IV, about 3 times as large a proportion of the proteo¬ 
lytic as of the amylolytic activity was recovered. 
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Table IV —Yields of Amylase and Protease in Fractionation 





AmvlaBe 



Proteose 


Description 

Weight 

G 

“Power” 

of 

prepara 

tion 

Units 

of 

activity 

Per cent 
of 

original 

total 

“Power’* 

or 

prepara 
t ion 

Units 

of 

activity 

Per cent 
of 

original 

total 

Pancreatin 7 
Preparation 72 

20 000 

1795 

33900 

too OO 

82 

1640 

IOO OO 

Residue 

10 J15 

329 

3459 

9 64 

75 

789 

48 n 

Sac ppt 

0 140 

117 

16 

0 04 

if,00 

224 

13 66 

Ppt A 

0 042 

115&0 

486 

' 35 

500 

21 

1 28 

Ppt B 

0 062 

*4275 

883 

2 47 

344 

21 

1 28 





13 50 



64 33 

Preparation 75 








Residue 

10 175 

410 

4172 

11 62 

75 

763 

46 52 

Sac ppt 

0 187 

260 

49 

O 14 

1600 

299 

18 23 

Ppt A 

0 126 

Q3S0 

1203 

3 35 

55G 

69 

4 20 

Ppt B 

0 159 

IOSOO 

1670 

4 65 

194 

61 

3 72 





19 7 6 



72 67 

Preparation 77 








Residue 

8 906 

686 

6no 

17 02 

81 

131 

43 96 

Sac ppt 

0 237 

114 

27 

0 08 

1607 


-3 23 

Ppt A 

0 076 

M 

OC 

0 

974 

2 71 

5*3 

43 

2 f>2 

Ppt B 

0 171 

IOI30 

1732 

4 82 

344 

59 

3 60 





24 Gt 



73 41 

Preparation 78 








Residue 

9 226 

756 

6972 

19 4 2 

81 

748 

45 60 

Sac ppt 

0 i<jt 

256 

39 

0 I X 

1575 

238 

14 51 

Ppt A 

0 044 

X260O 

535 

1 55 

519 

23 

1 40 

Ppt B 

0 139 

17370 

2414 

6 75 

425 

59 

3 60 





27 81 



63 11 

Preparation 81 








Residue 

9 864 

409 

4034 

11 24 

75 

740 

45 U 

Sac ppt 

0 203 

246 

50 

0 14 

1338 

272 

16 59 

Ppt A 

0 077 

13920 

1O72 

2 98 

588 

45 

2 74 

Ppt. B .. . 

0 284 

13390 

3803 

10 59 

431 

122 

7 44 


24 95 71 89 

The following notes on data of individual experiments may also be con¬ 
sidered at this point 

Preparation 78 (N 14) has been described as typical since we regard it as the roost 
representative in details of method and m results In the tables, however, are also 
included the data of 4 other experiments, each of which shows some appreciable dif¬ 
ference from No 78 either in the yield or activity of one or more of the products ob¬ 
tained The principal difference!, of each of these from No 78 may be briefly noted. 

Is No 73 the amylolytic activity of the residue was less well conserved and the 
yield of Precipitate E was much lower. Moreover, a higher temperature was reached 
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during centrifugation than in the case of No. 78, hence the percentage of original en¬ 
zyme activity recovered in the 4 products was somewhat lower for proteolytic and much 
lower for amylolytic power. 

In No. 75 the final alcoholic Precipitates A and B, especially the latter, suffered 
great loss of amylolytic power because of insufficient control of temperature, especially 
during centrifugation. The larger yields resulted in a relatively high total recovery of 
proteolytic activity. 

In No. 77 the weight of the "sac precipitate” and Precipitate A are higher and their 
powers are normal, while the weight of Precipitate B is also higher {than in Preparation 
78) but its enzymic activity, both amylolytic and proteolytic, is low. The sum of the 
4 fractions shows lower amylolytic and higher proteolytic power than in Preparation 78. 

In No. 81 there appears to have been a better extraction of amylase from the pan- 
creatin at the beginning of the process and hence a larger yield of each of the 3 pre¬ 
cipitates obtained later It appears, however, from their amylolytic powers, that 
Precipitates A and B are not as well separated from each other as in Preparation 78 
and also that in the present experiment Precipitate B has either suffered a deterioration 
of amylolytic power or is contaminated with inert material as in No. 77, or both. 

Since the sum of either the weights or the units of amylase or of protease 
action of the 4 fractions here prepared from pancreatin is much below the 
total of the pancreatin powder which served as starting material, there 
is evident need of caution in quantitative interpretation of the results. 
It is, however, apparent from the data tabulated above that the purifica¬ 
tion process results in a marked concentration of amylolytic power in 
the final Precipitates A and B. Thus, in Preparation 7S, Precipitate A 
has about seven times, and Precipitate B about 10 times the amylolytic 
activity of the original pancreatin. Proteolytic activity is concentrated 
to a much greater extent in the “sac precipitate,” and to a lesser but con¬ 
siderable extent in the filial Precipitates A and B. 

Special interest attaches to the comparison of the amylase and protease 
activities of the Precipitates A and B with each other and with our usual 
amylase preparations. In the case of a typical fractionation experiment 
such as that described above as Preparation 78, the high proteolytic 
activity of Precipitate A obviously suggests that our usual amylase prepara¬ 
tion may be a mixture of amylase and protease, of which the protease is 
here concentrated in the first precipitate. In this case Precipi¬ 
tate B should have shown a higher concentration of amylase than our 
usual amylase preparations, except that because of the added manipula¬ 
tion a greater deterioration of amylase was necessarily involved. 

On the whole, it seems probable that a purtial separation of a mixture 
of amylase and protease was accomplished but that amylolytic activity 
was partially lost because of the extra manipulation, since amylolytic 
activity deteriorates much more rapidly than proteolytic, at least under 
conditions such as obtained in these experiments. 

The further possibility that there are enzyme particles, which have both 
amylolytic and proteolytic activities is not excluded. Both possibilities 
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should be taken into account in future consideration of the problem 
of specificity of enzyme action. 

We are greatly indebted to the Carnegie Institution of Washington for 
grants in aid of this investigation. 

New York, N Y 


[Contribution prom the Chemical Laboratory of the University op North 

Carolina ] 

THE ACTION OF BASIC REAGENTS ON SCHIFF’S BASES. I. 

THE CHLORALNITRANILINE GROUP. 

By A S Wheeler and S. C. Smith 

Received August 23 , 1919 

Theoretically a great many compounds are included under the designa¬ 
tion of Schiff’s Bases, since it comprehends all condensation products of 
primary aromatic amines with aldehydes and ketones of every description. 
Actually a considerable number of Schiff’s Bases have been described, 
beginning with the first mention of such products by Laurent and Ger- 
hardt, 1 who condensed aniline with benzaldehyde. But H. ScliifP made 
the first real study of the reaction, condensing a humber of amines and 
aldehydes. The reaction is indicated by the equation: 

R.CIIO + 2R.NH1 = R.CH(NHR), + H,0. 

These bases are stable, as a rule though a small number are sensitive 
to light and may be decomposed readily by hot water. Among these are 
compounds of the meta series and certain naphthylamine derivatives. 
The investigations of Schiff's Bases in the organic laboratory of the Uni¬ 
versity of North Carolina have dealt only with three aldehydes, chloral, 
vanillin and piperonal, but with a wide variety of amines. 

It has been noted generally by observers that Schiff’s Bases are sensi¬ 
tive to acids, being resolved into their constituents by strong hydro¬ 
chloric acid. Their behavior toward basic reagents however has been 
quite generally overlooked. Wallach’ noted that the condensation 
product of aniline and chloral was slowly decomposed by aqueous potash 
but rapidly by alcoholic potash, giving aniline, chloroform and phenyl- 
isocyanide. The presence of the two latter substances indicate that the 
decomposition takes place in 3 stages. This uninteresting behavior with 
alcoholic potash undoubtedly caused later investigators of Schiff’s Bases 
to pass by this reaction. One of us* observed that the condensation 
product of chloral and p-ni tramline was changed immediately by alco¬ 
holic potash from a yellow substance to a brilliant red one. Upon puri- 

1 Compl. rend , 30, 404 (1850). 

' Ann. Chem. Pharm., 131, 118 (1864). 

* Ann., 173, 278 (1874). 

4 Wheeler and Glenn, J. Elisha Mitchell Sci. Sot., 19, 63 (1903), 
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fving the product, however, a yellow compound was obtained in which 
one chlorine atom was replaced by the hydroxyl group 
Ca,CH(NHN0 2 CeH,) s 4- KOH = CC1 2 OH.CH(NHNO s C,H 4 )j + KC1. 
'Hie red compound appeared to be an intermediate product for it disap¬ 
peared when the reaction mixture was poured into water. It was then 
found that sodium methylate reacted similarly, replacing one chlorine 
atom by the methoxy group. In all of the reactions with the o- and p-ni- 
traniline condensation products a brilliant red substance appeared only 
to disappear in the presence of water. All of the products are of a rich 
yellow color. We now find that sodium ethylate has a similar action and 
also that the o-nitraniline condensation product acts analogously to the 
para compound. The method of preparation of Wheeler and Glenn 
has been decidedly improved by dissolving or suspending the amines in 
acetone instead of alcohol. The reaction is almost immediate, the quality 
of the product is much better and the yield is much increased. 

Although the o- and p-nitraniline condensation products of chloral 
readily yield these stable derivatives, the w-nitraniline product was 
found to be very sensitive to basic reagents. It is resolved at once in 
the cold into its constituents. The behavior then of Schiff’s Bases toward 
basic reagents depends upon the nature of the substituents in the benzene 
ring of the amine and also upon whether it is a mela compound or not. 

Experimental Part. 

I. Behavior of .V, .Y £-trichloroethj'lidene-bis-c>-nitraniline. 

A', A’'-^,^,d-Dichlorohydroxyethylidene-bis-o-nitraniline, CC 1 -OHCH- 
(NHNOjCsHOj.—T he trichloro compound was prepared according 
to the directions of Wheeler and Weller. 1 Its reaction with alcoholic 
potash was tested by allowing a mixture to stand 36 hours. A brown 
flocculent precipitate of indefinite melting point settled out. Another 
mixture was wanned a few moments and poured into 4 volumes of water. 
A yellow substance which melted at 142 0 after several recrystallizations 
was obtained but the yield was only 4o>,'. The following plan was finally 
adopted: Five g. of the trichloro compound was suspended in 25 cc. 
of acetone and 15 cc. of a 10% alcoholic potash solution was added. The 
mixture became dark red immediately. It was warmed until it began 
to b^il and was at once poured into 5 volumes of ice-water. After stand¬ 
ing a few hours to insure full crystallization the precipitate was filtered 
off. The yield was 4.4 g. or about 91% of the theoretical amount. The 
crude product melted at 139-140° but upon recrystallization from alco¬ 
hol the melting point was raised to 143 
Subs., 0.1582; AgCl, o 1186. 

Calc, for CuHuOtNiCU'. Cl, 18.37. Found: 18.52. 

1 This Jooxsju,, 241 1063 ( 1902 I. 
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The pure compound is brilliant yellow, crystallizing from alcohol in 
prisms, m. p. 143 °. It is soluble in about 30 parts of hot alcohol and 120 
parts of cold alcohol. It is very soluble in acetone and in chloroform, 
slightly soluble in ligroin and insoluble in water. It turns red with alco¬ 
holic potash. Strong acids decompose it. If heated with cone, hydro¬ 
chloric add, it dissolves, and a precipitate then forms which again dis¬ 
solves. On pouring this solution into water, o-nitraniline crystallizes out. 

AT, A , '-/ 3 , 3 ,fS-Dichloromethoxyethyhdene-bis-o-nitramline, CC 1 2 OCHj- 
CH(NHNOiC«H4)i.—T wo g. of the trichloro compound was suspended 
in 20 cc. of acetone and to this was added 10 cc. of a sodium methylate 
solution containing 5 g. of sodium per 60 cc. of methyl alcohol. The mix¬ 
ture became dark at once. It was heated to lxiiling and at once poured 
into 4 volumes of ice water. The yellow predpitate weighed 1.75 g. 
or 89% of the theoretical amount. The crude substance melted at 140° 
but after several recrystallizations from alcohol the melting point was 
raised to 147 

Subs, 02874, AgC!, 02049 

Calc, for CisHuOiN’.Cl-; Cl, 17 69 Found 1760 

The pure substance is bright yellow, crystallizing from alcohol in rec¬ 
tangular plates, m. p 147 °. It is soluble in about 25 parts of boiling alco¬ 
hol and 100 parts of cold alcohol. It turns dark red with alcoholic pot¬ 
ash. With hot aqueous potash the red color finally becomes purple. 

N, N'-P,&,8 - Dichloroethoryethylidene-bis-o-nitraniline, CCl 2 OC 2 H 6 
CH(NHN0 2 C 6 H.,)2.—The reaction of sodium ethvlate upon the tri¬ 
chloro compound was carried out as with sodium methylate. The crude 
predpitate wdghed 1 8 g. or 88% of the theoretical amount. It melted 
at 132 0 but on recrystallizing from alcohol the melting point was raised 
to 135 °- 

Subs., o 2846 ; AgCl, o 2000 

Cafe, for Cidf[«OjNiCl,: Cl, i-j ij. Found: 17 38 

The pure substance is a very brilliant, yellow compound, crystallizing 
from alcohol in rectangular plates, m. p. 135°. It is soluble in about 50 
parts of boding alcohol and 100 parts of cold alcohol. Its behavior is 
analogous to that of the methoxy compound. 

II. Behavior of A^'-d^-Trichloroetbylidene-bis-w-nitraailine. 

No derivatives of the tneia compound could be obtained with alcoholic 
potash, sodium methylate or sodium ethylate. In no case was a red colora¬ 
tion produced. The precipitate obtained on pouring the reaction mixture 
into water consisted of w-nitranilinc. The decomposition was immediate 
and took place in the cold. 

ID. Behavior of N, A’'-j8,d,d-Trichloroethylidene-bi8-p-nitraniline. 

The derivatives of this compound with alcoholic potash and sodium 
methylate were described by Wheeler and Glenn. Their method was 
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improved by suspending the trichloro compound in acetone, but a little 
longer heating was required than with the ortho compound. The yield 
was increased to 78% of the theoretical amount for the hydroxy deriva¬ 
tive and to 87% for the inethoxy compound. These compounds are de¬ 
scribed in the Review of American Chemical Research, 9, 559 (1903) as 
“Derivatives of Trichloroethylidenedi-p-nitrophenamine.” But the nomen¬ 
clature is changed in this paper to conform to the plan adopted in the 
Decennial Index of Chemical Abstracts. The ethoxy compound de¬ 
scribed below is new. 

N, N'-8,8,8 - Dichloroethoryethylidene-bis-/>-nitramline, CCliOCrih- 

CH (N HNChCeH,)*.—Five g. of the trichloro compound was suspended 
in 75 cc. of acetone and 25 cc. of sodium ethylate solution (5 g. of sodium 
per 60 cc. of ethyl alcohol) was added. The deep red mixture was heated 
on the steam bath for 10 minutes and then poured into 5 volumes of ice- 
water. The precipitate weighed 4.5 g. or 88 c l of the theoretical amount. 
It melted at 140" but after purifying by alcohol at 147°. 

Subs , o 2:49. AgCl, o 1491 

Calc for Ct»HuOtN,Cli. Cl, 17.13. Found. 17 12 

The pure substance is bright yellow, crystallizing from alcohol in fan¬ 
shaped crystals, m. p. 147 It gives a deep red color with alcoholic pot¬ 
ash and the alcoholates. Heated with aqueous potash a green color is 
obtained instead of a purple. Heated with cone, hydrochloric acid it 
yields p-nitraniline hydrochloride. 

Summary. 

1. Schiff’s Bases obtained by condensing 0- and p -nitraniline with chloral 
yield hydroxy, methoxy and ethoxy derivatives with alcoholic potash, 
sodium methylate and sodium ethylate In each case one chlorine atom 
is replaced. 

2. The m-nitraniline-chloral product is so sensitive to these basic re¬ 
agents that each of them in the cold breaks it up into its constituents. 

3. The nitro group in the benzene ring of the amine stabilizes the Schifif's 
base to such an extent that basic reagents yield derivatives, though this 
is not true when it is in the meta position. 

Chafil Hill, N C 
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[Contribution from the Department of Chemistry of Colombia University, 

No. 336.] 

INFLUENCE OF ASPARTIC ACID AND ASPARAGIN UPON THE 
ENZYMIC HYDROLYSIS OF STARCH. 

By H, C. Sherman and Florence Walker. 

Received August 29, 1919. 

In 1893 Effront 1 stated that asparagin accelerates the hydrolysis of 
starch by malt and taka-diastase. A few years later 1 he obtained similar 
activation by addition of certain proteins and of a boiled cold water 
extract of barley. In 1904 he reported 8 that asparagin, aspartic acid, 
bippuric add, creatin, creatinin, and the peptones increased the action of 
malt extract, while succinamide, the amines and their salts, and acid 
amides generally act unfavorably. This he found for several starches 
of different origin. He also found, however, that the more favorable 
the conditions for production of an optimum amount of sugar, the less 
marked is the effect of the amino acids. 

Ford, 4 working with malt, found asparagin to be without effect on the 
activity of the enzyme. The apparent activation by amino acids and 
add salts obtained by other investigators, he ascribes to the neutraliza¬ 
tion by these compounds of alkaline impurities in the starch. 

According to Terroine and Weill 5 saccharification by pancreatic juice 
is greatly accelerated by o-alanine, glycine, leudne, valine, histidine, 
arginine, tyrosine, phenyl alanine, aspartic acid, and glutamic acid. The 
activating power which they found the digestion products of protein to 
possess is, they think, most probably due to the amino-adds formed. 

More recently Rock wood 6 has investigated the effects of several 
nitrogenous substances on the hydrolysis of corn starch by saliva and 
condudes that glycine, tyrosine, anthranilic add and its meta and para 
isomers, aspartic acid, hippuric acid, proteins (serum albumin and gelatin) 
and amines of the methane series increase saccharification, whereas 
the amides (acetamide, propionamide and urea) sulfanilic add, asparagin, 
suednimide and suednamide show no such effect. He also found that 
glycine and aspartic acid activate pancreatic extract. 

Because of the lack of agreement among previous workers as to whether 
amino adds do or do not activate amylases, and in view of the fact that 
past investigations have seldom covered more than one enzyme, a syste¬ 
matic study of the influence of amino adds upon the action of several 

* Men. tci., 41, 266 (1893). 

* Compt. rend., uo, u8i (1895). 

* Bull. roc. Mm., [3] 31, 1230 (1904}; Mon. ja , I4I 18, 361 (7904); Compt. rend. 

Sec, Biel., 57, 234 (i9°4> 

4 J. sec. Chem. Ind., 23, 414 (1904). 

* Compt. rend Soc. Biol., 72, 34 3 (1912). 

* This Journal, 39, 2745 (1917). 



INFLUENCE OF ASPARTIC ACID ON ENZYMIC HYDROLYSIS. 1867 


amylases, in purified as well as in their natural or commercial forma, 
seemed desirable. 

Experimental. 

Apparatus and Materials Used.—Description of apparatus, its selec¬ 
tion and care, has been given in previous papers from this laboratory. 

The starches used were potato, wheat, maize and rice starches purified 
in the laboratory by washing with cold, very dilute sodium hydroxide 
and water as described in a previous paper, and Merck’s “soluble starch 
according to Lintner," washed 9 times with ordinary distilled and 6 times 
with triply distilled water, ioo cc. of a i% dispersion, made neutral 
to rosolic acid with 0.01 N alkali or acid, were used for each digestion. 

The enzyme preparations employed were those described in our recent 
paper upon rate of hydrolysis of starches of different origin. 1 

The water extract of potato was obtained by letting one grated potato 
of medium size stand overnight in 150 cc. of purified distilled water. 
This was filtered and the filtrate boiled. Its acidity was carefully de¬ 
termined, rosolic acid being used as indicator. Well purified specimens 
of aspartic acid and asparagin were used. The exact amount needed 
for each experiment was weighed out and dissolved in the least possible 
volume of triply distilled water plus the amount of alkali necessary for 
neutralization. 

Method. —The procedure has been fully described in previous papers. 
When water-washed or alkali-washed starch was used as substrate, the 
amount of reducing sugar was determined by Fehling’s volumetric method. 1 
With Lintner's “soluble" starch the gravimetric method 1 which has been 
used in this laboratory since 1910 was usually employed. The potato 
extract and the aspartic acid and asparagin solutions were added to the 
starch dispersions in the cylinders after cooling and before adjusting to 
final volume. 

Experiments with Potato Extract. 

In recent experiments 1 on the action of enzymes upon starches of different 
origin, we found that, when similarly purified by washing with cold, very 
dilute alkali or with such alkali and then with ether (in either case fol¬ 
lowed by very thorough washing with pure water) all the starches tested 
were of practically equal digestibility. This was true whether the digestive 
agenUemployed were saliva, pancreatic, malt extract, taka-diastase, or a 
laboratory preparation of purified amylase of pancreas, malt or Asper¬ 
gillus oryaoe, except that in experiments in which purified pancreatic 
amylase acted upon purified potato starch the results obtained were 
abnormally low. In this particular case it appeared that the rigorous 
‘‘purification" of both starch and enzyme had in some way diminished 
1 Sherman, Walker and Caldwell, This Journal, 41, m3 (1919). 

* Sherman, Kendall and Clark, Ibid., 3a, 1061 (1910) 
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the facility of interaction between them. Addition of a small amount of 
boiled, carefully neutralized, water extract of potato to the digestion 
mixture resulted in hydrolysis at a fully normal rate. 

When such potato extract was added to the purified starch substrates 
which had shown normal digestibility, the rate of hydrolysis appeared 
to be increased slightly, not only in the case of purified pancreatic amylase, 
but also of commercial paacreatin and saliva. Upon the action of purified 
amylases of malt and Aspergillus orysae, however, potato extract had 
much less, if any, effect. In all cases it appeared that, in the presence 
of a small amount of the water-soluble substances of the potato, potato 
starch was digested quite as readily as that of either wheat, maize or 
rice. 

Table 1 

Effect of t ce. Potato Extract upon Enzymic Hydrolysis of Starch. 

Per cent of starch hydrolyzed in 30 min. by 


Purified 

pancreatic 


amylase (No 62) 

Pancreatin 

Saliva 

Without With 

Without With 

Without With 


Description of starch. 

potato 

extract 

potato 

extract 

potato 

extract 

potato 

extract 

potato 

extract 

potato 

extract 

Wheat starch (alkali washed) 


42 2 

36 O 

38 8 

40 2 

44 3 

Maize starch (alkali washed) .. 

37 5 

42 O 



40 6 

45 8 

Rice starch (alkali washed) 

37 o 

40 S 



4> 5 

4*5-3 

Potato starch (alkali washed) 

25 5 

47 7 



43 J 

49-6 

Potato starch (water washed) . 

3»-4 

47 3 

37 3 

40 3 



Potato starch (Lmtner “soluble”) 

39 2 

45 0 






T ABLE 

II 






Effect of i cc. Potato Extract upon En/ymic Hydrolvsis of Starch. 

Per cent, of starch hydrolyzed in 30 min by 


Punfied malt 

Aspergillus 

amylase (No 155 > 

amylase (prep 22) 


Without 

With 

Without 

With 

potato 

potato 

potato 

potato 

D«»cnptioa of starch extract. 

extract. 

extract. 

extract 

Wheat starch (alkali washed) 38 4 

39 * 

38 6 

40 I 

Potato starch (water washed) 41 0 

40 8 

39 9 

41 ' 


Since the activating material in the potato extract was water-soluble 
and heat-stable and the optimum amounts of chloride and phosphate 
were added to the starch substrate in all cases whether potato extract 
was to be added or not, attention is naturally directed to the amino acids 
and add amides as possibly responsible for the effect of the potato ex¬ 
tract. 

Experiments with Aspartic Acid and A spar agin. 

The results of experiments on the influence of aspartic add, carefully 
neutralised with sodium hydroxide, upon the rate of hydrolysis of different 
starches by different enzymes are shown in Tables IIUV. The methods 



INFLUENCE OF ASPARTIC ACID ON ENZYMIC HYDROLYSIS. 1869 


employed were those described in our previous paper mentioned above, 
and, as in that case, only the data of experiments in the same table and 
by the same digestive agent are directly comparable with each other. 

Table HI 

Effect of Various Amounts of Aspartic Acid (Neutralized by Sodium Hydroxide) 
upon the Hydrolysis of Starch by Purified Pancreatic Amylase 


Description of starch 

^partic acul 
adatd (weight 
before neutral 
izdtion) 

Mg 

Starch digested 
in 30 min 

% 

Water washed potato starch 

None 

38 8 



45 2 


JOO 

44 2 

Lmtner soluble starch 

None 

39 1 


v> 

41 5 


5° 

44 9 


loo 

43 3 


T ahi r 1 \ 

Effect of Neutralized Aspartic \ud upon the (Kdrohsis of Starches by Saliva, Pan- 
creatui and Purified Kmcroitu. VmvLisc 

Pet cent of starch hydrolyzed in 30 nun by 


Panne* tie 

bahva Paucrcntin amylase prep 62 


Description of starch 
Alkali washed 

Without 

ispar 

tate 

With 

it p>r 
tatr 

U it bout 
»«pu 
talk 

With 

uspAr 

tate 

Without 

Buspar 

tale 

with 

aspar¬ 

tate 

Wheat starch 

41 I 

4' 4 

4° 1 

44 0 

3d 5 

40 3 

Maize starch 

40 7 

4 h 0 

40 s 

44 8 

3b 7 

43 2 

Rice starch 

41 6 

4^ & 

41 r 

43 * 

37 4 

40 3 

Potato starch 



4i 2 

47 9 

24 7 

43 6 


Table \ 

Effect of Neutralized Aspartic Acid upon the Hydrolysis of Starches by Malt Extract, 
Taka-Diastase and the Ann Use Preparation-. Obtained from them 
Per cent of starch h\ dfolj ltd in JO min by 

,4 spsrgtUus 

Malt amylase amylase 

Malt extract (prep 15 D Tafcu diastase (prep 221 


With With- With With- 


Description 

out 

With 

out 

With 

out 

With 

out 

With 

of *torch 

aspar¬ 

as par 

aspar 

aspar¬ 

asp Al¬ 

as pa r 

aspar¬ 

aspar¬ 

Alkali washed 

tate 

tate 

tate 

tate 

taic 

tate 

tate 

tate 

Wheat starch 

54 7 

5 + 5 

40 2 

45 3 

SO O 

51 0 

42 4 

42 8 

Maize starch 

53 8 

55 3 

41 8 

47 5 

5 t O 

51 7 

40 7 

40 5 

Rite starch 

54 7 

55 t 

42 0 

44 '> 

*5 3 O 

SJ 8 

41 1 

40.9 


Tables VI and VII show the influence of aspartic add and asparagin 
upon the hydrolysis of Lmtner soluble starch by the various amylases. 
The amount of reducing sugar tormed was determined gravimetricafly 
and, for convenience of comparison with the results of previous workers, 
is indicated in the tables by the number of mg. of cuprous oxide found 
after correction by blank experiments with the starch and reagents. 
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Table VI. 

Effect of Neutralized Aspartic Acid and Asparagin upon Hydrolysis of Lintner Soluble 
Starch by Saliva, Pancreatic and Purified Pancreatic Amylase. 

Mg cuprous oxide. 


Aspartic add. Mg 

Asparagin, Mg 

Saliva. 

Pancreatin. 

Pancreatic 
amylase No. 59 . 

None 

None 

342 

322 

277 

50 

None 

371 

340 

306 

too 

None 

3 »J 

336 

30 J 

None 

50 

3 So 

34 ' 

306 

None 

100 

30 ' 

343 

3'2 

50 

50 

.184 

342 

305 

25 

25 

379 

34 " 

3'0 


Table VIT 

Effect of Neutralized Aspartic Acid and Asparagin upon Hydrolysis of Lintner Soluble 
Starch by Malt Extract, Taka-Ibas>tasc and the Amylase Preparations 
Obtained from Them. 

Mg cuprous oxide 


Aspartic add, Mg 

Asparagin, Mg. 

Malt 

extract. 

Malt 

amylase 

No 155 . 

Taka- 

diastase. 

AlpergtUus 
amylase 72 . 

None 

None 

191 

209 

291 

258 

50 

None 

196 

212 

29I 

260 

too 

None 


2 20 

294 

2f,I 

None 

50 

'05 

223 

295 

260 

None 

100 


218 

299 

265 

50 

50 

196 

220 

295 

264 

25 

25 

196 

222 

295 

263 

It will be seen 

from Tables I to VII that the addition of a small amount 


of neutralized aspartic acid not only corrects the tendency to abnormally 
low results in the case above noted, but also appreciably increases the 
rate of action of saliva, pancreatin, purified pancreatic amylase and 
purified malt amylase upon all of the starches here tested. Under the 
conditions of our experiments it had no appreciable effect upon the action 
of malt extract, taka-diastase or the laboratory preparation of Aspergillus 
amylase. 

Asparagin behaves in like manner except for what appears to be a very 
slight activation of taka-diastase and purified Aspergillus amylase, which 
may be due to some unrecognized experimental error. 

The above tables also show that the addition of both aspartic acid and 
asparagin to the same digestion mixture does not result in greater activa¬ 
tion than one of the compounds alone would produce, when used in 
optimum concentration. 

A comparison of the results obtained with potato extract on the one 
hand, and with aspartic add or asparagin on the other, brings out the 
fact that the former did not activate malt amylase, while the pure sub¬ 
stances appeared to do so. A possible explanation erf this is that tfce 
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direct cause of the increased amylolytic activity is in all such cases amino 
acids rather than protein. Potato extract in the small quantity used 
might furnish too little preformed amino acid to produce a distinct activa¬ 
tion. The pancreatic enzymes and saliva being proteolytic as well as 
amylolytic could form activating amino add from the protein of the 
potato extract, while purified malt amylase, being protease free, derived 
no such benefit. 

As noted above, activating effects of amino adds upon the digestion 
of starch have been reported by some previous experimenters while others 
have held that such observations do not indicate a true activation, but 
only a favorable influence of the added amino acid upon the hydrogen ion 
concentration of the digestion mixture. In order to test this point the 
hydrogen ion concentrations of our digestion mixtures with and without 
the added (neutralized) aspartic acid and asparagin were determined 
electrometrically. Typical results are shown in Tables VIII and IX. 

Table VIII. 

Rate of Digestion ami Hydrogen Ion Concentration with and without Neutralized 


Aspartic Acid. 

Pan erratic 
uoiyjase prep 

62 

Expt 1 

Without With 

aspartate aspartate 

Starch hvrtrolvzed in 30 min., ' \ 

35 8 

43 3 

Hydrogen ion com.filtration ns P„ 

6 63 

6 (,8 

Expt 3 



Starch hydrolyzed in 30 min., ' i 

40 5 

47 7 

Hydrogen ton concentration as P B 

6 03 

6 (it 


Table IX 

Kflect of Neutralized Aspurngin on Hydrogen Ion Concentration. 

Solutions activated as for digestion by malt amylase. 

Asparagin (before neutralization) Mg. None so too too 

Hydrogen ion concentration as P„ . 4 9,5 4 94 4 95 4 96 “ 

Solutions activated os for digestion by taJca-diastase. 

Asparagin (before neutralization) Mg None 50 100 100 

Hydrogen ion concentration as P u 5 31 <,31 5 39 5 33® 

® Determined before digestion Other determinations made at end of digestiou. 

In Expt. i, Table VIII, neutralization of aspartic arid was governed 
simply fy titration of solution frith rosolic acid as indicator. In Expt. 
z, guided by electrometric measurements made in Expt. i, a little less 
alkali was used to "neutralize” the added aspartic acid. These results 
(Tables VIII and IX) show plainly that, in our experiments at least, the 
activating effect of.sodium aspartate or of asparagin is not attributable 
to change in the hydrogen ion concentration of the digestion mixture. 

The accelerated transformation of the starch to reducing sugar in the 
presence of the sodium aspartate or of asparagin is, therefore, not refer- 
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able to hydrogen ion concentration. Neither is it referable to the sodium 
ion nor to the mere concentration of electrolyte since, in all of the experi¬ 
ments with pancreatic amylase, optimum concentrations of sodium 
chloride and sodium phosphate were present. 

While sodium aspartate results in higher activity of pancreatic amylase 
than can be induced by sodium chloride and sodium phosphate alone, 
it was also found by further experiments that the aspartate cannot re¬ 
place the chloride in the activation of this enzyme. The percentages 
of starch digested in 30 minutes by purified pancreatic amylase in the 
presence of different combinations of these 3 salts were as follows: 

With phosphate and chloride 41 2V0 

With phosphate, chloride and aspartate 48 3% 

With phosphate and aspartate only 25 8 r ( 

In this connection we may recall the fact shown in previous papers 
that our purified pancreatic amylase (the most active enzyme of which 
we have knowledge when tested in the presence of proper concentrations 
of chloride and phosphate) shows no activity in the absence of added 
electrolytes. 

The experiments described in the present paper show, therefore, a 
rather specific effect of the amino acids tested in that they induced still 
further activity in the enzyme already 'fully activated” by the addition 
of optimum amounts of chloride and phosphate 

Summary. 

The action of saliva, pancreatin, and purified pancreatic amylase on 
alkali-washed potato, wheat, maize and rice starches and on Tintner 
“soluble” starch was accelerated by the addition of small amounts of 
boiled, neutralized water extract of potato, while the action of the vege¬ 
table amylases tested was not influenced by the addition of the potato 
extract. 

The addition of neutralized aspartic acid or asparagin accelerated the 
action of saliva, pancreatin, and purified pancreatic and malt amylases. 
Clear evidence of activation was not obtained in the case of malt extract, 
or the preparations made from Aspergillus oryzae. 

The addition of both sodium aspartate and asparagin to the same 
digestion mixture produces practically the same activation as does one 
of these substances alone. Thus the activating effects of these substances 
are interchangeable rather than additive. 

In what sense is this activation specific? It was not due, in these 
experiments, to change in hydrogen ion concentration, nor merely to a 
more favorable concentration of electrolyte. The am inn compounds 
to be tested were added to a substrate which already contained the 
optimum concentrations of sodium chloride and phosphate, the reported 
activation being thus additional to the activity induced by chloride sod 
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phosphate. Moreover, sodium aspartate is not interchangeable with 
sodium chloride in the activation of purified pancreatic amylase 

The work is being extended to a similar study of the effects of other 
amino acids. 

We are greatly indebted to the Carnegie Institution of Washington 
for grants in aid of this investigation. 

N*w York N Y 


(Contribution from tub Laboratories of Pharmaceutical Chemistry, University 

of Wisconsin ) 

REDUCTION OF DIHYDROXY-THYMOQUINONE BY MEANS 
OF PALLADIUM-HYDROGEN. 

Rv Nellie A Waki-mav 

R«ce»v«<$ September 1919 

Thymoquinone and its oxidation and reduction products form an 
interesting series of compounds which have, from time to time, received 
considerable attention at the hands of organic chemists. The writer's 
interest in these compounds was aroused by the seemingly important 
role which they appear to play in the pigmentation of several species of 
Monarda, and it has been held no less by the behavior of the substances 
themselves than by their biochemical significance. 

Two or three years ago, in reviewing the work of Pall 1 and Skita- upon 
the hydrogenation of organic compounds by means of palladium as a 
catalyst, it was learned that one of them 1 had in this manner reduced 
quinone to hydroquinone. The question of the action of thymoquinone 
toward this reagent therefore naturally presented itself, and accordingly 
the action was tried in alcoholic solution. Thymoquinone reduced very 
readily. Upon evaporation of the solvent, it yielded hydrothymoquinone 
which was identified by its melting point, its solubility, and its crystalline 
form. 

The reduction of thymoquinone to bydrothymoquinone ordinarily 
presents little difficulty, A more interesting reaction promised to be the 
reduction of dihydroxy-thymoquinone to tetrahydroxy-cvmene by the 
same reagent. 

Zincke,* in i8Si, reduced the mother liquors from which dimethyl- 
amino-khymoquinone had crystallized, by the use of sulfurous acid, thus 
obtaining a solution which, upon oxidation, yielded a mixture of mono- 
and dihydroxy-thymoquinone. Zineke believed that the reduced liquid 

1 Btr., 38, 1401. 2414 (19051:40, 1392. 2201 (1907I; 41, 805, 81S, 2272. 2287 (’19081, 
4*. 1572, 2239, 3930 (1909) 

'Ibid., 41 , 2938 (1908), 43, 1627 U909I; 43, 3393 (J9io>; 44. (1911); 45, 

"J48 (1913). 

* Ibid-, 43 , 3393 (1910) 

* Ibid., 14 , 92 (1881). 



i &74 


NELLIE A. WAKHMAN. 


contained a solution of both tri- and tetrahydroxy-cymene. All at¬ 
tempts of the writer to produce these polyatomic phenols by the re¬ 
duction of the corresponding quinones had hitherto proved fruitless. 

Following the reduction of thymoquinone, a small quantity of di¬ 
hydroxy-thymoquinone was treated in the same way. The reduction 
took place very readily, marked by the change in color of the solution 
from red, or yellow, to water white. Before the solvent could be 
evaporated, however, the color returned and crystals of the original red 
compound separated out. Ether was next chosen as a solvent. The 
reduction took place even more readily than before. The same difficulty, 
to a less degree, was experienced in obtaining the products of reduction 
in a solid form, for though flaky, white crystals of the reduced compound 
were obtained upon evaporation of the solvent, red needle-like crystals 
of the original substance formed almost simultaneously, the mass took on a 
pinkish gray color, and finally changed to red dihvdroxy-thymoquinone 
with its characteristic melting point of 226°. By evaporating the ether 
in an atmosphere of hydrogen an abundance of pure white, flaky crystals 
was obtained. Upon removal from the reducing atmosphere, however, 
these became mix-ed with the red needle-like crystals before even a melting 
point could be determined. This mixture, upon standing, passed through 
the process of changing, through pinkish gray, back to red. 

The red dihydroxy-thymoquinone was next dissolved in acetic acid 
anhydride and subjected to the Same reducing process, the object being 
to transform some, or all, of the hydroxy groups to acetyl groups, thus 
rendering them more stable. This reduction took place more slowly; 
nevertheless, it was completed in the course of a few hours. Upon the 
evaporation of the greater portion of the solvent, the reduced product 
crystallized out in white, prismatic crystals which melted at 180-182° 
and exhibited a saponification value 1 equal to that required for 4 acetyl 
groups. The tetraacetyl derivative thus obtained is stable in the air. 
The yield 1 is almost quantitative. Upon hydrolysis of the acetyl deriva¬ 
tive, practically all of the dihydroxy-thymoquinone started with can be 
recovered. 

In carrying out the above reduction another change, which will be 
further investigated, was noted. Part of the acetic acid anhydride 
appears to have been reduced and an ester of some sort to have been 
formed. At any rate, when a portion of the freshly reduced solution was 
1 Subs., o 504. 

Used 24 cc. KOH solution, factor 0.3936 *■ 94.46 cc, 0.1 N KOH. 

To neutralize required 55.3 cc. 0.1 N HC 1 . 

To saponify required 39.16 cc. 0.1 IV KOH. 

Calc, for 4 acetyl groups 38.9 cc. 0.1 N KOH. 

* From o.s g. of dihydroxy-thymoquinone a little more than 0.8 g. of the tetra¬ 
acetyl derivative was obtained. 
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strongly diluted with cold water a pleasant fruity odor, resembling some¬ 
what both ethyl and amyl acetates, but differing from either, was de¬ 
veloped. Upon standing a short time in contact with water this pleasant 
odor disappeared. Moreover, it could not be obtained from the reduced 
solution which had stood for some time in the air. 

All of the above reductions were carried out in a simple reduction flask, 
prepared by turning up the ends of an ordinary 250 ec. gas sampling tube 
with two glass stopcocks. The hydrogen was generated from zinc and 
hydrochloric acid and passed through first an alkaline and then an acid 
solution of potassium permanganate. After this it was passed through 
sulfuric acid and then into the reduction flask. During the first reduc¬ 
tions a shaking machine was used for shaking the flask; but the process 
went on so readily that this was not necessary. At first, also, the 
palladium chloride used was placed m a little water with a very small 
quantity of mucilage of acacia added to hold the resulting palladium in 
suspension. This also, was found unnecessary, even undesirable. In 
all of the later work a concentrated, warm, solution of the substance 
to be reduced was placed in the reduction flask. It usually crystallized 
out upon cooling. About 0.1 g. of palladium chloride was suspended 
in a little of the same solvent and added to the solution m the flask. 
Hydrogen was now passed through the flask until most of the air had been 
replaced, when the exit tube was closed. After this the flask was shaken 
occasionally until the reduction was complete. In using ether as a 
solvent, it was found necessary to fill the flask with hydrogen and close 
both stopcocks, opening the inlet only to pass in more hydrogen, from 
time to time, as it had been absorbed, otherwise the pressure of the ether 
was often greater than that of the hydrogen and trouble resulted. 

For the greater part of the above work the same charge of palladium 
chloride, 0.1 g. was used over and over again without any sign of ex¬ 
haustion of its catalytic property. The reduced solution was poured 
out through a filter. The palladium remaining in the flask, and that 
on the filter, was washed with a small portion of the pure solvent, then, 
repeatedly, with alcohol and ether. The portion of palladium upon the 
filter was carefully returned to the flask and another reduction was carried 
out. In this way a large number of reductions were made without the 
addition of fresh palladium chloride, several different substances, each in 
two or three different solvents, being reduced. Whether or not the change 
of substances, and of solvents, had any influence upon the presistent 
power of the catalyst is not known. It certainly retained this power to a 
remarkable degree, the only evidence of the catalyst “wearing out" 
noticed being the small loss incurred by adhesion to the filter. 

Madison, Win. 
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NOTE. 

Correction. —The formula for methylguanido-glyoxylic acid, given on 
page irio of the July, 1919 number should read NHiC(NH)NCH».- 
COCOOH. Isidor Greenwald. 
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The Preparation of Substances Important in Agriculture. A Laboratory Manual ot 
Synthetic Agricultural Chemistry. 3rd Edition. By Chari.es A Peters, Ph.D., 
Prof, of Inorganic and Soil Chemistry. Pept of General and Agricultural Chem¬ 
istry, Mass. Agricultural College. John Wiley and Sons, Inc , New York: Chap¬ 
man and HaU, Ltd , Loudon, vii + Si pp. 13X19 cm. Jo 80. 

The laboratory course outlined in this small volume makes use of the 
preparation of substances important in agriculture to train the student 
who has already had a one year course in chemistry at high school, or its 
equivalent. The table of contents includes: Superphosphate, Sulfate of 
Ammonia, Potassium Nitrate, Potash Salts, I^ad Nitrate, Lead Arsenate, 
Lime-Sulfur, Copper Sulfate, Paris Green, Bordeaux Mixture, Emulsions. 

Under each of these headings the main object of the process is first 
stated; the laboratory directions are then given; following this are notes 
on the chemical, commercial, and agricultural aspects of the subject; 
lastly comes a series of questions to be answered by the student in the 
laboratory note book. 

Many teachers are of the opinion that the kind of laboratory work 
presented in this book is of the greatest value as chemical training. The 
experiments are sustained, so that the interest centers on one point over a 
Considerable period of time. Incidental problems come up in connection 
with the major problem, so that they have a significance they would not 
possess if they were taken as independent experiments. There is a dis¬ 
tinct incentive to use judgment and skill in manipulation because the 
amount and quality of the final product are influenced thereby. Professor 
Peters remarks in his Preface: “The method of presentation aims to 
put a few major points before the student and extend the work on such 
points over so long a time that the student will absorb it. The author 
feels that when a student, in his earlier years in college, works interestedly 
for a whole exercise around one thing he grasps something while if a dozen 
important points pass in review during the time he is left in a maze and 
gets little but technical benefit. While, however, the student is busy on 
the one major piece of work other minor points may be gathered round 
it and readily absorbed.” 

A trip over the northern peaks of the White Mountains from which the 
reviewer has just returned, although somewhat remote from chemistry, 
offers a convenient analogy. He found those peaks swarming with young 
girls from the various girls’ camps. This was delightful cm one of the days 
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which was sunny, but horrible on one of the days which was rainy, when 
74 girls arrived at the Madison Hut (which has bunks for 46) All were 
wet and cold and hungry; they had no change of clothing and they had to 
sleep in wet things, some of them on the floor. They were being guided 
by inexperienced young women councillors who did not know the moun¬ 
tains well. The prospectuses all advertise the hike over the northern 
peaks as one of the features of the camp life, and the camp directors 
therefore feel it is imperative to send the children off on the hike even if 
it is inadequately prepared for. 

Many topics in first year text books and manuals of chemistry arc 
rushed into with inadequate preparation because the author has not the 
courage to leave them out. There is probably no writer of such books 
that has not been guilt}' of this sort of offense. The subject of colloids is 
certainly of great importance in agricultural chemistry. Professor 
Peters briefly discusses colloids in the chapters on lead arsenate, and 
emulsions. The subject is as fascinating as the high peaks in sunny 
weather, but if the student expects to understand the principles which 
are very briefly stated in the text, he is likelv to find himself like the 
hiker in a dense and chilly fog on the high ridge, with precipices in most 
directions and the trail lost. This is not said in condemnation but simply 
in emphasis of the fact that judgment in choice of topics and their pre¬ 
sentation is the most important factor in planning a course for students 
who are not far advanced. It is probably true that mention of colloids 
could not have been omitted from such a manual of agricultural sub¬ 
stances. 

In conclusion, the book under review must prove of great value to 
students of agricultural chemistry, for it is essentially a laboratory course 
in the fundamental principles of chemistry, using substances important 
in agriculture as illustrations. Excellent judgment has been shown in 
the selection of material for the experiments and topics for the discussions 
and questions. Arthur A. Blanchard. 

Introduction t la Chimit G&ierale, Lois Fondamcntalcs dt rAtomism? et dc I'Affiniti 
Exposes 4 lies Chiniistcs Pfbutants By II Copai x Gnutliier-Yillars et Cir., 
Paris, 1919 208 pp 18 X 1 1 5 cm 

In the preface, the author states it as his intention to reduce the number 
of false* starts made by students who depend upon oral instruction and 
lecture notes. The reviewer, however, suspects that many college 
students, even after 4 years’ study of chemistry, have not mastered the 
ground covered by the book. Two hundred small pages contain a re¬ 
markably complete outline of the subjects foreshadowed by the title, 
including 53 pages dealing with the properties and theories of solutions. 
The advanced student will lie astonished to find experimental methods, 
data, diagrams, and discussions for so many generalizations, all com- 
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pressed into so small a space without appearance of haste or lack of clarity. 
Sympathy is felt, nevertheless, for “debutants,” confronted on page 5 by 
Am = AE/ V 2 , and so on. One can only hope that they, like most 
“debutantes,” have already been vouchsafed at least an informal view 
of the intricacies among which they must function. Lack of balance is 
sometimes, though not often, sensed, 5 pages, for instance, on super¬ 
saturation of salts in water solution and 12 on the ionization theory, 
including conductivity and hydrolysis. The difficult field of concentrated 
solutions, so profitably explored of late years by Washburn and others, 
is avoided except for a discussion of solubility. But how much easier to 
criticize than to plan a book half as meritorious! One closes it with pro¬ 
found respect for the vitality and elegance of French instruction in chem¬ 
istry. G. S. Forbes. 

Chimica delle sostanze esplosive. By Miciuxi. Oil's. Professm of General Chemistry 
in the Cniversitv of Sassari 556 pages, 8a figures mri 7 tables Ulrico Hoeph, 
Milan, 1919 I, 28. 

The author treats his subject in 6 parts, the first dealing with the 
historical development of the knowledge of explosives during the nine¬ 
teenth century, the principles of thermochemistry, the gas law's, Nernst’s 
theory, explosion temperatures, pressures and, potential and other 
generalities; the second with definite explosive compounds; third, ex¬ 
plosive mixtures; fourth, explosive gases and detonating gaseous mixtures; 
fifth, primarily unstable substances; and sixth, chemical and physical 
tests of explosives; a classification which works out admirably in bringing 
related substances together and permitting of a systematic treatment of a 
group. The book is supplied with an admirable table of contents and ex¬ 
cellent indexes of authors and subjects. Of the remaining 524 pages 
devoted to subject matter part one occupies 16 % of the space, two 49, 
three 16, four 1, five 6 and part six 12%. But as the fulminates, hydro- 
nitrides and diazo compounds treated of in part five are as truly explosive 
compounds as any in part two, there is really 5 1 'V of the space devoted to 
the primary' explosive bodies. Of the 252 pages in part two 161, or 64%, 
are devoted to the nitro derivatives of aromatic hydrocarbons and 91, 
or 36%, to the nitro and nitric derivatives of the aliphatic hydrocarbons. 
Or noting with more particularity it is observed that 6% of this space is 
* assigned to naphthalene and its derivatives, 10 to benzene, 12 to glycerin, 
13 to phenol, 15 to cellulose, and 25% to toluene and its derivatives. 
Considering the fact that, excepting the members of the gunpow'der class, 
in general all explosive mixtures derive their significant characteristics 
from explosive compounds with which modifying components are admixed, 
and considering the further fact that the nitro substitution derivatives 
of the aromatic hydrocarlions, and especially those from toluene, have in 
recent years played a most important part as explosives, good judgment 
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has been exercised in the allotment of space to the various substances 
and subjects treated. 

The method of treatment is excellent, being concise, simple and direct 
while space is conserved and use of the information collected facilitated 
by the presentation of the data in numerous well designed tables and the 
liberal use of graphs and diagrams. The writer has adhered more closely 
to his text than writers on the chemistry of explosives usually do and has 
completely resisted the temptation to describe the applications and uses 
of explosives. He lias dwelt on the technology but only as regards the 
manufacture of explosives which, for explosive compounds, are strictly 
chemical operations. Even in these instances he has restricted his de¬ 
scription of the parent substances in each case to that one which is the 
source of the positive radicals in the product. As nitric, sulfuric, and 
mixed acids, sodium nitrate, alcohol, acetone, and the other reagents 
generally used in these operations are already dealt with in great detail 
and in an authoritative manner by Lunge and others, it is evidently un¬ 
necessary to repeat such descriptions. However Giua does include tables 
of specific gravities of several of them in the section of his book devoted 
to tests, and essential data for them, such as the most suitable strengths 
and best proportions for nitration mixtures and the like, are given else¬ 
where when important or recently determined. The technological de¬ 
scriptions arc brief, covering, as a rule, only the essential principles. 
One who intended erecting a manufacturing plant would find more com¬ 
plete details of construction and operation elsewhere, but he would find 
here much suggestive data which is not usually given in strictly techno¬ 
logical books. 

The author has, in this development of his text, placed the emphasis 
on the pure chemistry rather than the applied chemistry phase, and more 
particularly on that of physical chemistry. Thus in approaching the 
subject of nitro-aromatics he devotes a section to the reactivity of the 
nitro-groups in aromatic compounds, stating and discussing here the laws 
of Laubenhcimer and of Koerner, while, as those acquainted with the 
author’s own researches might expect, eutectic temperatures and equilib¬ 
rium curves are given for many different systems. 

The footnote references which abound on nearly every page show a 
wide ^acquaintance with the best authors and they constitute a most 
valuable bibliography of explosives. The publications of investigators 
in the United States are more generally cited than is usual with European 
authors and the citations are quite up to date, E. J. Hoffman’s recent 
report on his excellent investigation of the nitration of toluene, for in¬ 
stance, being presented in considerable detail. 

The fulness of treatment of topics may be illustrated by the nitrogen 
containing derivatives of glycerin under which appear detailed accounts 
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of the mono-, di- and trinitroglyeerin, tetranitro-isobutyl-, tetranitrodi- 
and chloro-dinitro-glyoerin, in the course of which due consideration is 
given to Hibbert’s study of the tautomerism of trinitroglycerin, and 
Snelling and Storm's determination of the detonation temperature. 
Among the explosive mixtures in part three one is surprised to find so 
large a proportion of the space devoted to chlorate and perchlorate 
powders. It is possible that Giua is one of the not inconsiderable number 
of the students of explosives who believe that the chlorate or perchlorate 
mixtures may yet be so controlled as to play a useful part, a hope based 
on the knowledge that they are cheap sources of energy. Most of the 
special compositions and some of the compound substances which played 
a significant part in the Great War are not mentioned but it is surprising 
that the U. S. composition should be omitted from the section on smoke¬ 
less powders, which section is perhaps, considering the amount of litera¬ 
ture available on the subject, the least satisfactory part of a very satis¬ 
factory book. Considering that hexanitrodiphenyl sulfide was an enemy 
product and weapon its omission is also surprising. 

The book is made up in a most attractive form with good paper, wide 
margins, clear impressions and intercalated titles. Errors appear to be 
but few and most of those have been already noticed in the appended 
“Errata-Corrige.” In addition to these we notice that on page 184 
Koeraer is spelled “Korener.” It is suggested also that on page 38 the 
heat of explosion of one kg. of nitroglycerin should t>e stated as 1570.5 
cal. instead of 1781 cal. as at present. These are of inconsequence in 
view of the marked excellence of the work and the spirit of approach 
of the author voiced in his opening paragraph on the Historical Develop¬ 
ment during the Nineteenth Century in the following phrase La sriensa 
degli esplosivi fu fondata da Berihelot di immortale memoria. 

Charles E. Munroe. 
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REPORT OF THE INTERNATIONAL COMMITTEE ON ATOMIC 
WEIGHTS FOR 1919-20. 

Received September 29, 1919 

The last regular report of this committee, apart from an annual recom¬ 
mendation to continue the use of the table of atomic weights then pre¬ 
sented, was published in 1916. The interruption in the series of reports 
was, of course, due to the world war, which created difficulties of a serious 
kind among all international organizations. Cooperation with Germany 
became impossible, partly because of the difficulty of correspondence, 
and partly because of the personal hostilities created by the conduct of 
the war. There was also an inevitable slackening of scientific activities, 
and this was well shown by the unusually small number of new researches 
in the field of atomic weights. Now that peace is in sight, it seems wise 
to resume the preparation of these reports, even though they may not 
be for some time quite so truly international as heretofore. The de¬ 
terminations published since the preparation of our last report may now 
be summarized as follows: 

Hydrogen. —A very thorough investigation by Burt and Edgar 1 on 
the volumetric composition of water has given the volume ratio of hy¬ 
drogen to oxygen as 2.00288 : 1. From this value, taking the normal 
liter weights of oxygen and hydrogen as 1.42900 and 0.089873 g., respec- 
1 PkU. Trant,, J16A, 393 (1916). This research was noted in the previous report 
for 1917. Its review by Go ye renders its repetition desirable here. 
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tively, the atomic weight of hydrogen becomes i .00772, or, rounded off, 
1.0077. Guye, 1 from a discussion of Burt and Edgar's data, accepts this 
value as lying between the two extremes of 1.00767 and 1.00773. If, 
however, instead of trusting to the densities of the gases and their physical 
constants exclusively, we take into account the admirable researches of 
Morley, Noyes, and others, upon the synthesis and analysis of water, 1 the 
most probable general mean for the atomic weight of hydrogen becomes 
1.0078, which differs from the volumetric value by only 1/10000. That is, 
the two distinct lines of attack upon the problem agree within the limits 
of actual uncertainty. For ordinary purposes the approximate value 
1.008 is close enough. It must be remembered that the tables prepared 
by this committee are for the use, not so much for specialists, as for work¬ 
ing chemists in general; and too much refinement will only lead to con¬ 
fusion. No determinations of these or any other constants can be abso¬ 
lute and final. All are subject to errors which may be reduced nearly, 
but not quite, to insignificance, but never eliminated entirely. For ex¬ 
ample, in the determination of atomic weights from gaseous densities 
it is not possible to guarantee the absolute purity of the gases, or to avoid 
errors in weighing, in reductions to a vacuum, or in the values given to 
the physical constants that are used in the final computations. Some of 
these errors may be so small as to be negligible, and in the aggregate they 
may tend either to reinforce or to compensate one another, but their ex¬ 
treme magnitude can be estimated with some approach to accuracy, and 
expressed by means of the usual =*= sign. At present an accuracy to within 
1/10000 is the best we can expect to obtain. 1 

Carbon. —Two investigations on the atomic weight of carbon were re¬ 
ported from the Geneva laboratory in 1918. First, Stahrfoss* determined 
the density of acetylene, ethane, and ethylene. Acetylene proved to 
be unsatisfactory, because of its tendency to polymerize. From ethane 
he obtained the value C = 12.006, and from ethylene C = 12.004. On 
account of some uncertainties in the reduction, he prefers, provisionally, 
the value C = 12.00. 

Secondly, Batuecas* determined the density of ethane, and reduced 
his observations by 3 methods, giving C *■ 12.005, 11.999, and r 1.996. 
The last two being concordant he regards as preferable, and their mean, 
C = 1 x. 998, he adopts. It will be remembered that Richards and Hoover, 
by purely chemical methods, found C = 12.005; arid a later combination 
1 J. Mm. phys., 15,208 (1917). 

1 Computation by F. W. C. 

1 For an elaborate discussion of sources of error in atomic weight determinations, 
see Guye and his colleagues (M, Germans, Moles and Renard) in J. chim. phys., 14, 
> 9 S, 204 (1916); 15. 60, 360, 403 (1917); j6, 46 (1918), 

4 Ibid., 16, 173 i’9 «8). 

*JWd., 16, 322 £1918). 
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of all determinations published before 1918 gave the chairman of the com¬ 
mittee the mean value C = 12.0025. For ordinary purposes the rounded- 
off value C = 12 00 may be used, and is so given in the table. 

Bromine.—Three sets of determinations of the molecular weight of 
hydrogen bromide have been made in Guye’s laboratory at Geneva, by 
Moles, 1 Reiman,’ and Murray.’ The acid used was prepared by several 
distinct methods, and all gave concordant results, which may be summar¬ 
ized as follows, when H = 1 0078; 

Mol wt HBt At wt Bt 

Moles . 80 9332 79 9 2 54 

Rcunan 80 932 79 9242 

Murray . 80 930 79 9222 

These values are wonderfully concordant and the variations are far 
within the allowable limits of experimental error. In a recent combina¬ 
tion, by the chairman of this committee, of all the available data relative 
to the atomic weight of bromine, the value found was Br = 79 9228, 
in complete harmony with the Geneva determinations For ordinary 
purposes the rounded-off figure 79 92 is enough. 

Boron and Fluorine.—In a very original investigation Smith and Van 
Haagen 4 have simultaneously redetermined the atomic weights of boron 
and fluorine Their starting point was anhydrous borax, Na s B<07, and 
their chief difficulty was in insuring the complete dehydration of that 
compound. The salt was then converted, in a series of successive experi¬ 
ments, into sodium sulfate, carbonate, nitrate, chloride and fluoride, 
which gave 8 independent values for boron ranging from 10 896 to 10 905, 
in mean, 10 900. This value was computed with Na = 22.997, Cl = 
35 457- S = 32 064, N = 14 010, and C = 12 005. The authors finally 
discuss all previous determinations and show wherein they were affected 
by errors. The new value 10 900 should be adopted as the most proba¬ 
ble. 

In this research sodium fluoride was compared not only with borax 
but also with the sulfate, and the 8 values found ranged from 19.002 
to 19.008, in mean 19 005. The rounded-off value F = 19.0 may be 
retained for all practical purposes. 

Lead.—Oechsner de Coninck and G6rard s have attempted to deter¬ 
mine the atomic weight of lead by calcination of the nitrate; and find 
Pb “'206.98 when NjO» = 108. This determination is evidently of no 
present value. With this exception the other recent researches relative 

1 J. chm. phys., 14, 389 (1916) Set review by Guye in the same number, p. 361. 

'Ibid,, is, 293 (tort) 

* Ibid , is, 334 (1917). Reiman and Murray assume H *» r.008; Moles prefers 
1-0076. 

4 Canupe Inst. Pub., 267 (1918). 

* Comp*, rtnd., rftj, 413 (1916). * 



I&&4 P. W. CLARKE, T. B. THORPE AND G. URBAIN. 

to this constant have referred to isotopic lead, and the normal element is 
considered only in comparison with it. Richards and Wadsworth, 1 
for instance, find for normal lead Pb = 107.183, and Richards and Hall’ 
give Pb ■* 207.187, values slightly lower than the accepted 207.20 as 
determined by Baxter and Grover. Similar determinations by A. L. 
Davis* gave discordant results. As for isotopic lead its atomic weight is so 
variable as to show that it is nearly, if not always, a mixture of isotopes, 
and not a constant which can as yet be placed in the table. The values 
found have very great significance, but they are far from final. 4 

Gallium.—By the analysis of carefully purified gallium chloride, Rich¬ 
ards, Craig, and Sameshima 1 find Ga = 70.09 and 70.11. These de¬ 
terminations, however, are only preliminary, but they justify the provi¬ 
sional adoption of the value 70.10. The original values given by the 
determinations of Lecoq de Boisbaudran vary from 69.70 to 70.12, the 
last one being very near the new value. 

Zirconium.—From the ratio between zirconium chloride and silver, 
Venable and Bell* find Zr *= 91.76. Although this determination is re¬ 
garded as preliminary, the authors, by pointing out sources of error in 
all previous values, believe the new one to be the most probable. It 
seems best, however, to await the complete investigation before changing 
the value heretofore accepted. 

Tin.—Baxter and Starkweather, 7 by electrolyses of stannic chloride, 
find Sn — 118.703 when Cl = 35.457. This is in complete agreement 
with Briscoe's determination, Sn = 118.698. The value 118.70 has al¬ 
ready been adopted by the committee. 

Tellurium.—Staehler and Teach,* from careful syntheses of tellurium 
dioxide, find Te <= 127.51, which is confirmatory of the accepted value 
127.5. 

Yttrium.—Hopkins and Balke,’ by conversion of VtjOj into Yt,Cl 3 find 
Yt * 88.9. The ordinary sulfate method is shown to be inaccurate. In 
a later investigation Kremers and Hopkins 10 determined the ratio between 
yttrium chloride and silver, and found Yt «= 89.33. Since this method 

1 This Jocrnai,, 38, 2613 (1916), 

‘ Ibid , 39, 337 (1917)- 

*/. Pkys. Ckem., 22, 631 (1918). 

1 For discussions regarding the atomic weight of isotopic lead see the Presidential 
address of Richards before the American Association for the Advancement of Science 
in December, 1918. Also F. W. Clarke, Proc. Nat. Acad. Sti., 4,181 (1918). 

‘ Proc. Nat. Acad. Sci., 4, 387 (1918). 

• This Journal, 39, 1598 (1917). 

'Proc. Nat. Acad. Sci., 2, 718 (1916). 

• Z. anort. cMgm. Chem., 98, 1 (1916). 

• This Jootxal, 36,2332 (1916). 

u lbid., 41, 718 (1919)- 
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is the most trustworthy the value given by it should be adopted. The 
other sulfate determinations are questionable. 

Samarium. —The atomic weight of samarium has been determined by 
Stewart and James’ from the ratio between the chloride and silver. The' 
value found is 150 44, which is essentially that given in the table. No 
change is needed. 

Dysprosium. —Engle and Balke, 5 by conversion of the oxide into the 
chloride, found Dy = 164 228. Later, by the same method, Kremers, 
Hopkins, and Engle* found Dy = 163 83. This discordance, like that 
already shown for yttrium, led the last named chemists to determine the 
ratio between dysprosium chloride and silver, which gave 162.52. The 
earlier method is discredited and the last value, rounded to 162.5, seems 
to be the one best entitled to acceptance. 

Erbium. —For this dement, by the oxide-chloride method, Wichers, 
Hopkins, and Balke 4 obtained values ranging from Er = 168.00 to 168.84. 
The method of determination is thus again shown to be untrustworthy. 

Thorium.—In a long series of concordant analyses of thorium bromide, 
Hbnigschmid* finds Th - 232.152 from the silver ratio and 232.150 
from the silver bromide ratio when Br = 79 916. The value Th = 
232.15 should be adopted for general use. He also studied thoria from 
uranium ores, which contained ionium. For this mixture he obtained 
an atomic weight slightly in excess of 231.50. This may approximate 
to the unknown atomic weight of ionium. 

Uranium.—The latest series of determinations of the atomic weight 
of uranium by Honigschmid and Horovitz* was based like their earlier 
series upon analyses of the tetrabromide. Two sets of analyses were 
made, one upon a bromide which had been fused in bromine vapor, the 
other in nitrogen. The value obtained ranged from U = 238 04 to 
238.16, the latter being in harmony with their former determinations. 
The rounded figure 238.2 is given in the table. 

Helium. —Taylor,’ using the microbalance for determining the density 
of helium, finds He = 4,0008. Guye,* in a recalculation of the data, finds 
He « 3.998. The value 4 should be retained. 

Argon. —From the density and compressibility of argon, Leduc* finds 
A •* 39.91. He regards the second decimal as uncertain, and advises 
the adoption of the rounded value 39.9. 

> “Jhis Jowwai., 39, 2605 (1917). 

* Ibid., 39, 67 (1917). 

•Ibid., 40, 398 (1918). 

•Ibid., 40 , 1615 ( 1918 ). 

* Z. EUktrochem., 22 , 18 ( 1916 ). 

* Monatsk., 37, 183 (1916V 

T Phys. Rev., 10, 6 33 (1917)- 

* J. ckim. pkyi-, 16, 46 (1918). 

* Cempt. rend,, 167, 70 (1918). 
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International Atomic Weights, 1920. 



Symbol 

Atomic 

weight. 


Symbol 

Atomic 

weight. 

Aluminum. 

.A 1 

27. > 

Molybdenum. 

.Mo 

96.0 

Antimony. 

.Sb 

120.2 

Neodymium. 

.Nd 

144 3 

Argon. 

.A 

39 9 

Neon .. 

.Ne 

20.2 

Arsenic. 

.As 

74.96 

Nickel. 

.Ni 

58.68 

Barium. 

.Ba 

137 37 

Niton (radium emanation)Nt 

222 4 

Bismuth. 

.Bi 

208.0 

Nitrogen. 

. N 

14.008 

Boron. 

.B 

10.9 

Osmium. 

. . .Os 

190.9 

Bromine. 

.Br 

79 92 

Oxygen . 

. 0 

16 00 

Cadmium. 

. Cd 

112 40 

Palladium. 

.Pd 

106.7 

Caesium. 

.Cs 

132.Si 

Phosphorus. 


31 <M 

Calcium. 

.Ca 

40 07 

Platinum. 

.Pt 

195 * 

Carbon. 

.C 

12 00 ,5 

Potassium. 

.K 

39 *0 

Cerium. 

. . . .Ce 

140 25 

Praseodymium . 

. .. .Pr 

140 9 

Chlorine. 

.Cl 

35 46 

Radium. 

. ...Ra 

226 0 

Chromium. 

.Cr 

52 O 

Rhodium. 

.Rh 

102,9 

Cobalt. 

.Co 

5 * 97 

Rubidium. 

.Rb 

85 45 

Columbium .... 

.Ch 

93 1 

Ruthenium 

. . Ru 

101.7 

Copper. 

.Cu 

63-57 

Samarium . 

..Sa 

'50 4 

Dysprosium .... 

.i»y 

l (>2 5 

Scandium. 


441 

Erbium. 

.Er 

167 7 

Selenium. 

.Se 

79.2 

Europium. 

.Eu 

I 52 , O 

Silicon. 

.Si 

28 3 

Fluorine. 

.F 

19 O 

Silver. 

.Ag 

107.88 

Gadolinium .... 

.Gd 

157-3 

Sodium . 

.Na 

23 00 

Gallium. 

. . . Ga 

70. 1 

Strontium. 

.Sr 

87 63 

Germanium .. 

.Gc 

72 5 

Sulfur . 

.S 

32.06 

Gludnum. 

.G 1 

9-1 

Tantalum. 

.Ta 

1815 

Gold. 

.Au 

197.2 

Tellurium. 

.Te 

1*7 5 

Helium. 

.He 

4 00 

Terbium . 

. .. Tb 

>59 * 

Holmium. 

... Ho 

163.5 

Thallium. 

.T 1 

204 O 

Hydrogen. 

. H 

1.008 

Thorium. 

.Th 

232 . 15 

Indium. 

.... In 

114.8 

Thulium. 

.. ,Tm 

168 J 

Iodine..... ... 

.1 

126,92 

Tin. 

.So 

118.7 

Iridium. 

.Ir 

1931 

Titanium. 

.Ti 

48.1 

Iron. 

.Fe 

55 84 

Tungsten. 

.W 

184.0 

Krypton. 

.Kr 

82 92 

Uranium. 

. u 

238.2 

Lanthanum. 

.La 

*39 O 

Vanadium. 

.V 

51 O 

Lead. 

.Pb 

207.20 

Xenon. 

.Xc 

130 2 

Lithium. 

. ... Li 

6.94 

Y tterbiumf Neoytterbium)Yb 

173 5 

Lutecium . 


1750 

Yttrium. 

.Yt 

89 33 

Magnesium ... . 

. Mg 

24 32 

Zinc. 

. Zn 

65 37 

Manganese . 

Mercury . 

.Mn 

.Hg 

54 93 

200 6 

Zirconium. 

. Zr 

90.6 


In the above table of atomic weights proposed for 1920, few changes 
have been made from the values given in the last preceding table. The 
new values are A = 39.9; B = 10.9; Ga = 70.1 ;Th = 232.15; and Yt * 
89.33. I 11 addition to these the atomic weight of nitrogen should be 
changed from 14.01 to the more precise value 14.008. The latter figure 
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represents all the best determinations, and is probably correct to within 
1 in the third decimal place. For so small a value the change is insig¬ 
nificant. 

Signed F. W. Clarke, 

T. E. Thorpe, 

G. Urbain. 


(Contribution from the Electrochemical Laboratories of the University of 

Manchester. ) 

THE OCCLUSION OF HYDROGEN AND OXYGEN BY METAL 

ELECTRODES. 

Criticism of the Paper by Harding and Smith. 1 

By Edgar Nbwbbry. 

Received May 2ft, 1919, 

The very careful work and ingenious apparatus of Harding and Smith 
call for some remarks of appreciation; and at the same time the theory 
of conducting hydrogen as developed by them appears to be open to 
doubt. The following comments are not offered in any spirit of carping 
criticism, but rather with the thought of friendly collaboration and inter¬ 
change of views, and the object of reaching the real truth underlying 
some very interesting phenomena. 

When a current is first passed through an electrolytic cell containing a 
palladium cathode in dilute acid, hydrogen ions are discharged upon the 
cathode surface and the monatomic hydrogen thus formed is at once ab¬ 
sorbed by the metal, being kept in the monatomic form by the dissociating 
action of the solvent metal. This hydrogen will gradually diffuse to 
the interior of the metal, and, since the solution has a lower conductivity 
than the pure metal, the electric resistance of the metal will rise. 

After a comparatively short time the external layers of metal will be¬ 
come saturated with hydrogen and the single potential of the metal solid 
solution will be that of a hydrogen electrode. Hydrogen ions, on dis¬ 
charging, will now no longer disappear into the metal but will tend more 
and more to stick on the outer surface, being held there by electrostatic 
forces, thus insulating the outlying parts of the electrode. New ions 
must therefore penetrate farther and farther into the surface before they 
can discharge. These ions are again followed by others wliich arrive 
faster than the discharged ions can collect together to form molecules, 
and consequently "blocks" will occur in the large crevices (large compared 
with’an ion) in the metal surface. Since these latest arrivals carry elec¬ 
tric charges opposite in sign to the cliurge on the electrode and are separated 
from the electrode only by the diameters of two or three atoms or mole¬ 
cules, inconceivably great pressures are set up which may easily attain a 
1 Th» Journal, 40, 1508 (1918). 
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magnitude of io‘° atmospheres dose to the outer surface. These pressures 
are logarithmically proportional to the potential differences between the 
two attracting surfaces and will therefore be greatest near the solid-liquid 
boundary; but since the gas diffuses slowly to the interior of the metal 
increasing the resistance all the way. there will be a small fall of potential 
from the surface to the inner core of the palladium and consequently a 
gradually decreasing pressure extending an appreciable distance into the 
metal. The effects produced will therefore be more noticeable in fine wires 
or thin sheets than in thicker ones. 

When very low current densities are employed, the above description 
will hold good. With higher current densities, however, a new set of 
phenomena appears. The pressures now become so great that the 
hydrogen is forced into actual combination with the metal, producing 
hydrides. These hydrides conduct like a metal and ionize like a metal, 
and their high solution pressures give rise to the excess back e. m. f. 
known as overvoltage. 

When the current is interrupted, the external pressure is at once re¬ 
leased. Immediately, therefore, the excess gas dissolved in the metal 
will tend to come out of solution, expanding the metal and making it 
spongy, thus increasing its resistance rapidly at first and more slowly 
afterwards. At the same time, the hydrides formed, which are only 
stable under high pressures, decompose and intensify the above effect. 
The consequence of this liberation of gas from within the metal will be 
that a series of small craters will be blown in the surface of the metal and 
these craters are easily visible under the microscope not only in the case 
of palladium, but with every metal so far experimented with. 

Since there is good evidence, from overvoltage work, that the hydrides 
are good metallic conductors, it is probable that the disappearance of 
these will further increase the resistance of the metal, as the whole would 
conduct better when the pores are filled with conducting hydride under 
pressure than when filled with gas. 

When a considerable quantity of gas has escaped, the internal strains 
in the metal win be released and the metal will gradually recover its original 
texture, the walls of the cavities filled with gas will fall together as the gas 
escapes, and the resistance of the metal will again fall. On heating and 
an n eal in g, the metal will return completely to its original condition, pro¬ 
vided the evolution of gas has not been so violent as to distort the surface 
permanently 

Changes of Length. 

If the cathode is a palladium wire, changes of length occur (i) due to 
solution of hydrogen in the metal; (2) due to formation of hydride. Since 
the application and release of pressure occurs laterally and chiefly in the 
outer layers of the wire, the central core may be but slightly^affected and 
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will tend to hold the outer layers in position, thus masking the effect ex¬ 
cept with very fine wires. The change of length is therefore not a satis¬ 
factory guide to change of volume except in special circumstances. It 
might be expected that the formation of a solid hydride would have a 
greater expanding effect than the absorption of gas, and this is supported 
by the experimental evidence of Thoma and Fischer. 1 Since the quan¬ 
tity of hydride formed is dependent upon the current density, a definite 
length should correspond with each current density when equilibrium 
has been attained. Further, since the replacement of gaseous hydrogen 
by solid hydride diminishes the resistance of the metal, there should be 
an inverse relationship between resistance and length under these equi¬ 
librium conditions. This has been well established experimentally, as 
described in the paper under discussion. 

Finally, the typical experiment curve, 1 Fig. 2, may be described as 
follows: 

A to B .—Absorption of hydrogen with production of solid solution 
having higher resistance than pure metal. Metal becomes spongy. 

B to C. —Formation of hydride which fills some of the cavities originally 
occupied by gas, thus reducing resistance. 

C to D. —Release of external pressure resulting in spontaneous decom¬ 
position of hydride, and escape of gas internally, rendering metal still 
more spongy, and therefore of still higher resistance. 

D to E .—Escape of gas externally, due to bursting of surface. Walls 
of cavities fall together and reduce resistance. 

E to F .—First application of external pressure produces still closer 
conjunction of walls of cavities and rapid fall of resistance- 

F to G. —Reabsorption of gas. Since passages have now been formed in 
the metal, this occurs much more rapidly and completely than in the first 
instance. 

G to I .—Renewed formation of hydride. This will also occur more 
rapidly than before due to the existence of ready-made passages into the 
interior of the metal. 

1 to J .—Rapid expansion of cavities due to release of external pressure. 
More rapid than previously owing to weakening of external cohesive 
forces by the treatment undergone. 

J to X'. —Complete removal of gases and collapse of cavities. 

The quantity of hydride produced appears to be dependent upon the 
current density though it is not proportional to the current density. 
Hence, for a given current density, the equilibrium stage attained will 
be approximately the same whatever the previous treatment 

1 M. Thoma, Z. pkytik. Ckem.. 3, 69 (1889); F. Fischer, Drude’s A.**., to, 503 
(1906). 

1 Lot. til., p. 1313. 
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Briefly, my doubts of the "conducting hydrogen” theory are based upon 
a quantitative view of the effects produced. It appears certain that up 
to saturation point the hydrogen dissolved in palladium is very largely 
composed of atomic hydrogen, probably over 80%. This atomic hydro¬ 
gen is responsible for the single potential of the hydrogen electrode, and 
if a metal is incapable of dissociating hydrogen in this way, it cannot be 
used in the construction of a hydrogen electrode. The addition of more 
hydrogen (supersaturation), one would expect would tend to diminish 
the total percentage of atomic hydrogen by bringing the atoms into closer 
proximity, just as a concentrated salt solution is less dissociated than a 
dilute. 

The fact that up to saturation point the resistance of palladium is 
greatly increased by the inclusion of hydrogen (most of which is in the 
atomic state), renders it improbable that the addition of further hydrogen 
in the atomic state will decrease this resistance. 

The action of the added hydrogen would not alter the single potential 
of the electrode. But experiment shows that under certain conditions 
the single potential of the palladium electrode takes a sudden leap to a 
much higher value, nearly 0.7 volt above the hydrogen electrode, and 
this same value is also shown under similar circumstances by nearly 
every metal capable of acting as a divalent metal in compound formation. 
This evidence, together with other which could be cited if necessary, is 
almost overwhelming in support of the view that a definite hydride is now 
formed in the metal. It must therefore be taken as proved that hy¬ 
drides do exist in the metal under these conditions, although the ques¬ 
tion as to whether they are responsible for the changes of electrical re¬ 
sistance observed in palladium is still open. 

The hydrides thus formed are stable only under the great electrical 
and mechanical stresses"present at the time of their formation, and up to 
the present none of this special type of metallic hydride has been isolated. 
Nevertheless, it is possible to predict tbeir properties with comparative 
certainty by analogy with many oxides produced under almost identical 
circumstances. Some of these oxides, lead dioxide, manganese dioxide, 
etc., are easily isolated and their inoperties well known. The property 
which specially concerns us here is their electrical conductivity, which is 
considerable, though far below that of the metal itself. Since the hy¬ 
drides show so many properties in common with these oxides, it is only 
reasonable to consider that they have a quite appreciable electrical con¬ 
ductance. Further, if they form solid solutions in the metal, such a solu¬ 
tion is likely to be a better electrical conductor than a solution of gaseous 
hydrogen in the same metal. 

Whether, therefore, the hydrides form solid solution with the metal, or 
whether they merely fill cavities in the metal formerly occupied by gas, 
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their appearance will be demonstrated simultaneously by a fall in the 
electrical resistance of the metal and by a rise in the (negative) single 
potential. 

The accuracy with which the experimental wire recovers its original 
resistance when very carefully treated is at first sight puzzling, but on 
further examination becomes not only reasonable but gives us further 
interesting information as to the processes going on during formation of 
the hydrides. 

It is well known that all metals in the massive state consist of crystals 
cemented together by amorphous material. This amorphous material 
is not, strictly speaking, a solid but a highly viscous liquid, and many 
of the mechanical and physical properties of the metals are due to this 
substance which forms an envelope for every 7 crystal of the metal. Polish¬ 
ing the metal consists in pressing down the metallic crystals and smooth¬ 
ing over this liquid on the top. Since palladium is easily brought to a 
state of brilliant polish, it is probable that the amorphous material is 
fairly plentiful in tliis metal. It also appears probable that colloidal 
palladium and the amorphous metal have much in common even if they 
are not identically the same. The great so-called “catalytic" power 
of colloidal palladium is well known and appears to be due to its great 
dissolving and dissociating power for gases like hydrogen. It appears, 
therefore, that the solution of hydrogen in palladium is due mainly (possi¬ 
bly wholly) to the amorphous or liquid part of the metal, and further, 
that the hydrides are formed from the same substance. This substance, 
therefore, being a liquid, cannot have its shape destroyed, and if it is 
merely expanded and afterwards contracted again without any 7 violent 
disturbances occurring sufficient to displace the crystals permanently, 
there is no reason why the final properties of the body as a whole should 
be different from the initial properties. 

The greater solubility of hydrogen in the amorphous phase is observa¬ 
ble in other metals than palladium, e. g., the embrittling and hardening 
of iron after use as a cathode, is due to the weakening of the cohesive 
power and increase of viscosity of the amorphous binding material by solu¬ 
tion of hydrogen and possibly, also, to the formation of minute crystals 
of solid hydride. 

The'observations under discussion, therefore, are of great interest in 
showing that both solution of hy 7 drogen and hydride formation in palla¬ 
dium are almost entirely due to the action of amorphous or liquid palla¬ 
dium, the solid crystals taking little or no part in the process. 

The application of the phase rule to this problem is very 7 unsafe since 
we are dealing with a system highly heterogeneous and not in equilibrium, 
liven under the conditions represented by horizontal lines on the diagram 
‘u the papa 7 under discussion, true equilibrium is not present since we 
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have irregularly decreasing mechanical pressures and electrical stresses 
as we proceed from the surface of the wire to the internal core. If any 
attempt be made to apply the phase rule to this state, then these variable 
pressures must be considered in the character of new components, and 
since the pressures vary indefinitely, the number of phases possible is also 
indefinite. 

Makchb^tbk, England 


[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF PRINCETON UNIVERSITY.] 

THE OCCLUSION OF HYDROGEN AND OXYGEN BY METAL 

ELECTRODES. 

Comment on Newbery’s Criticism. 

Bv Earle A. Harding and Donald P. Smith. 

Received May 26 , 1919 

The foregoing interpretation of our results, in terms of Professor New- 
bery's hypothesis of unstable hydrides, to which he has been led by ex¬ 
tensive studies of overvoltage, involves several questions of wide bear¬ 
ing. We shall in the main confine ourselves, however, to pointing out 
difficulties which attend the explanation of our own observations in the 
maimer suggested, and commenting on the objections raised with regard 
to “conducting hydrogen.” 

Since the conduction of a platinum wire cathode has been shown to 
rise above that of the unaffected metal, 1 it would, in this instance at least, 
be necessary to attribute to the supposed hydride a volume conductivity 
greater than that of its metallic component, and hence of a higher order 
than any hitherto observed for compound or solid solution. The same 
applies to the oxide which must logically be assumed to account for the 
analogous effect found with a palladium anode. 2 If compounds, whether 
formed in fixed or in variable proportions, afford the explanation, they 
must therfore belong to a new category having extraordinary electrical 
characteristics. 

The changes of resistance exhibited by the cathodes when electrolysis 
is renewed after temporary interruption, consist in three parts: a very 
rapid initial drop (seen in Curves i, 2 and 3 of Fig. 6, of the original arti¬ 
cle, in the enlarged reproduction of No. 1 given at the lower left side of 
the same figure, and at E-F in Fig. 2); a subsequent rise to the maximum; 
and a final decline to the steady value determined by the current density. 
It is not readily apparent why the formation of the supposed hydrides, 
stable only at very high pressures, should be most in evidence in the first 
stage of this occlusion, when electrolysis has just begun and the pressure of 
hydrogen within the electrode must be relatively low. Nor does it seem 

* This Journal, 40, ijjo (1918). 

* Loc. cit., Fig. 8, p. 1524, el jsj. 
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to follow from the hydride hypothesis, without the addition of special 
assumptions, that the production of hydrides should predominate during 
the first and last stages, while formation of solid solution prevails in the 
intermediate part of the process. 

The initial drop of resistance, just mentioned, is attributed by Professor 
Newbery to “closer junction of the walls of cavities,” implying a con¬ 
traction of the wire. It was perhaps not made plain that the falling first 
portions of the curves of Fig. 4 a represent the ends of the evolution curves, 
and that the length of the wire, in these and in all our experiments, in¬ 
creased instantly upon renewal of electrolysis. During the drop of re¬ 
sistance from E to F the wire is therefore expanding; and for this the 
hydrides do not seem to offer a ready explanation. 

The assignment of the supplementary conductance to hydrides seems 
also unadapted to account for the initial drop of resistance observed when 
a wire previously subjected to oxidation is made to serve as cathode (lac. 
cit., middle of p. 1525), and the absence of this drop when unoxidized wires 
are employed. Any effect left by oxidizing influences must be of a kind 
to delay, rather than to hasten, the attainment of high hydrogen pressures, 
and hence must operate in the earlier stages of electrolysis to diminish 
the quantity of hydrides, if these are stable only at high pressures. The 
consequence of oxidation should, therefore, be the opposite to that found. 

Turning to Professor Newbery’s objections to the supposition of a con¬ 
ducting form of hydrogen, we may point out that his statement that 
“the addition of more hydrogen (supersaturation), * * * would 

tend to diminish the total percentage of atomic hydrogen by bringing the 
atoms into closer proximity, just as a concentrated salt solution is less 
dissociated than a dilute,” overlooks the fact that an electrode, during 
the persistence of the supplementary conductance, is not yet in a state 
of equilibrium; and that the analog)- is not to an electrolyte to which 
more ionogen is added, hut rather to a slowly reacting mixture, into which 
is rapidly introduced an excess of one of the reactants It is evident that 
in such a case the added factor (and any intermediate product), would be 
present in more than equilibrium proportion until the end state had been 
reached. 

W* are unable to see the force of the objection that “the fact that up 
to saturation point the resistance of palladium is greatly increased by 
the inclusion of hydrogen (most of which is in the atomic state), renders it 
improbable that the addition of further hydrogen in the atomic state will 
decrease this resistance." This appears to us to be fully met by the con¬ 
sideration set forth in the paper under discussion (p. 1518, et seq.). 

Not can we agree that "the action of the added hydrogen would not 
alter the single potential of the electrode." It appears to us almost in- 
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evitable that the accumulation of a transient intermediate form within 
the metal should raise the electrolytic solution pressure of hydrogen. 

While we would not deny the possibility that Professor Newbery’s 
explanation may be the correct one, we must therefore still regard our 
own as involving a less sweeping and more definite assumption. A 
metallic compound, existing within an alloy side by side with a solid solu¬ 
tion from which it differs diametrically in properties, but from which it 
does not form a distinct phase, constitutes something new to metal¬ 
lography ; and the novelty of the conception is not diminished by supposing 
both solid solution and compound to form part of an amorphous cement, 
the existence of which is itself by no means universally admitted. The 
unique electrical properties with which the compound must further be en¬ 
dowed, add to the scope of the assumption. 

On the other hand, to suppose that the hydrogen (or oxygen) which 
has yielded its charge to the electrode and penetrated the latter, not im¬ 
probably in a monatomic condition, is capable of again receiving charges 
from the metal and transporting these charges under the influence of the 
potential gradient associated with the measuring current, appears to im¬ 
ply nothing new save, perhaps, the conception that the hydrogen retains 
its mobility after entering the metal until it enters into the close chemical 
relationship of the solid solution, or as otherwise transformed; and for 
this conception the behavior of the palladium wires appears to us to af¬ 
ford strong support not only in the changes of length, but in the disrup¬ 
tive effect produced when hydrogen-filled wires are quickly raised to a 
temperature above the critical point at which a rapid fall of resistance 
occurs (bottom of p. 1510, et seq.). This seems to indicate very clearly 
that at this temperature the solid solution releases hydrogen into a mobile 
form which exerts great internal pressures. 

The conception makes at present no pretense of being more than a 
working hypothesis. As such it has the advantage of being quite definite, 
and hence suggesting many questions of fact. Since some of these are 
at present the subject of experiment, further elaboration of our point of 
view may appropriately be deferred. 

PrIMCSTON, N. J. 
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[Contribution prom the Electrochemical Laboratories op the University op 

Manchester. | 

REPLY TO HARDING AND SMITH’S COMMENTS ON NEW- 
BERY’S CRITICISM. 

By Edgar Newbery. 

Received October 7 , 1910 

The most important objection raised by Professor Smith and Dr. 
Harding to my suggestion that the overvoltage hydrides and higher oxides 
are responsible for the changes of electrical resistance observed by them, 
lies in the supposition that these compounds have a higher electrical 
conductivity than has the metal itself. Personally, 1 do not believe that 
such conductivity of compounds is possible and I am unable to agree 
with the above authors that the postulation of this high conductivity 
is at all necessary. 

The first application of a potential difference between the wire and the 
surrounding medium produces an electrical double layer which must 
exert enormous mechanical pressure upon the outer layers of the wire. 
This pressure will not only close up some of the cavities already formed 
in a previously treated wire, but will even compress the crystals of an 
untreated wire into closer contact, thus increasing the conductivity. 
This lateral pressure on the wire would naturally tend to increase its 
length, which is in accordance with the observations of Harding and Smith. 

In the case of palladium the rate of absorption of hydrogen is so rapid 
that this initial increase of conductivity is not observable with an un¬ 
treated wire, although it is readily observed when oxygen is liberated. 
Hydride formation does not occur until after the surface is saturated 
with dissolved hydrogen. 

This “electro-striction” effect is quite outside the hydride hypothesis 
and occurs before hydrides have time to form. This, perhaps, meets the 
objections raised by Professor Smith amd Dr. Harding in the first 4 para¬ 
graphs of the preceding paper. The fall of resistance referred to in the 
fifth paragraph is evidently due to the Tapid reduction of oxide to metal. 

My most serious objection to Smith and Harding's theory may be 
stated bluntly as follows: If 80 cc. of atomic hydrogen introduced into 
metallic palladium increases its resistance to a degree roughly propor- 
tionaf to the quantity of gas absorbed, why should a further 20 cc. of the 
same gas reduce the resistance? My belief is that the last 20 cc. does 
not exist in the form of gas, but is chemically combined with the palladium 
and this belief is based on the fact that its electrolytic potential is widely 
different (up to 0.7 volt) from that of the 80 cc. of monatomic hydrogen 
first introduced. Smith and Harding s theory entirely fails to account 
both for the constancy of the potential up to this point and for this sud¬ 
den and very great change in electrolytic potential which occurs simul- 
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taneously with the fall of resistance. The mere accumulation of an extra 
20% of a gas already present is quite inadequate to explain this. Also, 
the fact that the voltage attained is determined by the valence of the 
metal can hardly be reconciled with any theory which does not involve 
chemical compounds. 

To test my views of the possibility of electro-striction affecting the re¬ 
sistance of the wire I would suggest that Prof. Smith and Dr. Harding 
should make the following simple experiment which I am unfortunately 
unable to make for myself at the present moment: A long, fine wire of 
platinum or palladium should be coiled closely round a mica plate (a 
platinum resistance thermometer would do very well) and its resistance 
measured when immersed in various electrolytes—pure water, strong 
acid or alkali, and also in oil or benzene, as well as in air. 1 

One important point has been overlooked in the original experiments 
of Smith and Harding, namely the conductivity of the electrolyte. In 
their apparatus this is certainly appreciable and the highly complicating 
phenomena of transfer resistance are also present. A certain quantity 
of current must of necessity flow through the electrolyte alongside the 
wire. If the resistance of the circuit, wire-electrolyte-wire, were con¬ 
stant, the shape of the curves would be unaffected. Unfortunately, this 
is far from being the case. The transfer resistance opposing the passage 
of current between the wire and the electrolyte is a quantity which varies 
according to circumstances from o to over 1000 ohms per sq. cm., and the 
lower this transfer resistance, the greater the current carried by the elec¬ 
trolyte. It is quite impossible to predict what this transfer resistance 
will be, since it is dependent upon temperature, current density, time, 
material and condition of electrode, electrolyte, and specially upon the 
previous history of the electrode, and its variation is not regular with 
any of these quantities or qualities. The confusion introduced by this 
troublesome factor is great enough to invalidate both of the explana¬ 
tions suggested for HaTding and Smith’s observations, and its elimina¬ 
tion promises to be equally troublesome. Experiments with very wide 
and very narrow tubes surrounding the wire and also with electrolytes 
of varying conductivity might indicate what allowances should be made. 
It is possible that with a very narrow surrounding tube and an electro¬ 
lyte of high resistance, some features of the curve may tend to disappear. 
If so, these features may be safely put down to transfer resistance. Until 
some such experiments on these or similar lines have been carried out, it 
is perhaps unwise to attempt any further explanation of the observed 
phenomena . 1 

1 This form of experiment is of course open to the same objections as those men¬ 
tioned in the following section. Nevertheless it is worth trying. 

* As account of transfer resistance may be found in J. Faraday Sac., 19 ,1 (1919), 
"The Resistance, of an Electrolytic Cell.” 
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One further point may be mentioned with regard to the ninth para¬ 
graph of Harding and Smith’s comment on my criticism. They refer 
to “a metallic compound existing within an alloy side by side with a solid 
solution from which it differs diametrically in properties, but from which 
it does not form a distinct phase." 

I agree that such a hypothesis is very improbable and I had no idea 
of suggesting this. Though the application of the phase rule to such a 
system which is not in equilibrium is very unsafe, yet if we consider a 
very small volume in the interior of the metal where the changes are pro¬ 
gressing slowly, the condition of equilibrium may approximately hold. 

We have two components, metal and monatomic gas. Metal may be 
considered to have ceased to exist as pure metal and the phases present 
will be saturated solid solution, metallic hydride, free gas. If the pressure 
be increased, more gas will combine with the solid solution to form hydride 
If it be decreased, hydride will decompose giving free gas and solid solu¬ 
tion. The hydrides, therefore, form a distinct phase with a definite dis¬ 
sociation pressure for a given temperature, the whole process being ex¬ 
actly analogous to the decomposition of calcium carbonate by heat. 
The fact that hydrides are actually formed hardly admits of dispute, the 
evidence being almost overwhelming, 1 while the formation of the corre¬ 
sponding oxides is a well established fact. The question at issue is not 
whether these compounds exist, but whether they are responsible for the 
resistance changes observed by Harding and Smith. 

In conclusion, I desire to express my appreciation of the courtesy and 
broad-mindedness with which Professor Smith and Dr. Harding have 
met my criticisms and also my admiration of the delicacy and ingenuity 
of their apparatus and the work under discussion. 

MAWCflXVT**, England 


[Contribution from ths Chemical Laboratory or PrincBTon UmvamaiTY.) 

COMMENT ON PROFESSOR NEWBERY’S REPLY. 

By Earls A. Harding and Donald P. Smith. 

Received October 7, 1919. 

The first new explanation advanced in this reply assumes that the 
resistance of the palladium wire is reduced by an electrostrictive effect. 
Since, Vt 25 the average pressure coefficient of the resistance of palladium* 
is only —0.1887 x io~*, the electrostriction necessary to cause a change 
of resistance of 35% would be of a magnitude far beyond any which could 
be produced by the small voltages applied (<6 volts). Moreover, this 
explanation assumes that the crosss section of the wire is reduced during 
'See J. Cktm. Sec., 109, ioji, 1066, 1107, 1359 (1916); in, 470 (1917); also 
Manchester Memoirs, 61, No. 9 (1917), 

* Bridgman. Free, Am. Amid,, 53, 612 (1916). 
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the occlusion of hydrogen, whereas the reverse is the case. Occlusion 
is accompanied by expansion in all directions. 1 

Another explanation offered is that a shunt conduction through the 
electrolyte, by which the wire was surrounded, varied with the transfer 
resistance between wire and electrolyte, and that these variations were 
responsible for the changes of resistance observed. Such an explanation 
is clearly inapplicable to the experiments in which the supplementary 
gain of resistance was found to continue unaltered after the electrolyte 
had been withdrawn. 2 In the ordinary experiments, each wire was an¬ 
nealed to constant resistance in nitrogen, and its resistance was again 
taken after the introduction of the electrolyte, but before electrolysis 
was begun. In no instance could a change of resistance, due to the 
presence of the electrolyte, be detected with certainty. Hence the shunt 
conduction was itself negligible, and such second-order differences in 
this factor as may have resulted from changes of transfer resistance could 
hardly have exerted an appreciable effect. It should be borne in mind 
that our measurements of resistance were not made while the electro¬ 
lytic current was flowing. 

As regards Professor Newbery's further elucidation of his hydride 
explanation, it does not appear to us in any way to remove the necessity 
for attributing to these compounds the extraordinary conductivities dis¬ 
cussed above. 

We are, therefore, still of the opinion that the simplest explanation of 
the supplementary conductance is to be found in the assumption of a 
transient conducting form of hydrogen. 

PRIMCBTOK, N. J. 


[Contribution from the Chemistry Department of the University of 

Illinois. ] 

THE ELECTROLYTIC DETERMINATION OF THE HALOGENS: 

AN INDIRECT METHOD. 

By J. H. Reedy. 

Received June 2, 1919. 

The determination of the halogens by their electrolytic deposition on 
silver anodes has been regarded by most investigators as impracticable, 
since the silver anode begins to dissolve, either during the last stages of 
the electrolysis, or immediately upon completion of the halide ion deposi¬ 
tion. Results are low, owing either to precipitation of silver halides in 
the solution or to the migration of silver to the cathode. Various expe¬ 
dients to overcome this difficulty have not proved satisfactory, and gravi- 
1 Poggeadorff, Phil. Mag., [4] 37, 474-5 (1S69); Thoma, Z. physik. Chm., 3, 71 
(1889). 

* This Joorxal, 4 °, 1516 (1918). 
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metric and volumetric methods have remained the standard processes 
for these determinations 

In a previous paper 1 it was shown that in most solutions there is a re¬ 
tardation in the solution of silver anodes until an anodic potential of 
about 0.52 volt 2 is reached, when the current, which is analytically 
negligible below this value, rather abruptly shows a marked acceleration 
of action. With halide solutions, however, action begins at lower poten¬ 
tials, depending upon concentration. The relation between potential 
and concentration is shown in Fig. i. This suggests that the deposition 
of the halogens might be accomplished by carrying out the electrolysis 
with an anode potential of o 52 volt, or a very slight excess of this value. 
To this end the decomposition potential of a o 5 molar sulfuric acid solu¬ 
tion saturated with silver clilonde was determined, using silver coated 
with silver chloride as an anode and bright platinum as the cathode. 



This value was found to be o 59 volt, which corresponds exactly with 
the “solution potential” of silver (o 52 volt) plus the overvoltage of 
hydrogen upon bright platinum (o 07 volt). As long as this limiting 
voltage of 0.59 is not exceeded, the electrolysis of halide solutions with 
silver anodes was found to proceed with the formation of an adherent 
layer of silver halide on the anode and without precipitation in the solu¬ 
tion. With the completion of the deposition of the halide ions, silver 

1 Am. J. Sci,, 40, 400 (1913). 

2 Referred to the norma! hydrogen electrode us 0.0 volt 
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ions appeared in the solution with no break in the continuity of the cur¬ 
rent and with a scarcely noticeable rise in potential. 

In order to maintain the conductivity of the electrolytic solution, espe¬ 
cially at low concentrations of the halogen ions, some "inert 1 ’ electrolyte 
must be present. Since there is a tendency towards increasing alkalinity 
in all electrolytic solutions where hydrogen is liberated at the cathode 
and the anion discharged is not hydroxyl, neutral solutions are not favora¬ 
ble media for this operation. The reaction potential of hydroxyl ions on 
silver anodes is only slightly above that of chloride ions, and with the 
increase in concentration of the former the potential is reached where 
hydroxyl ions will be discharged more readily than chlorine ions. Under 
such circumstances the deposition of the halogen can never reach comple¬ 
tion. For this reason, in the experiments reported below, the halides 
were electrolyzed in the presence of o. 5 molar sulfuric acid. 

It thus appears that the unsatisfactory technique of the usual methods 
for the electrolytic determination of the halogens may be much simpli¬ 
fied and the process made more or less automatic by carrying out the 
analysis under a constant potential of 0.59 volt, and determining the 
halogen by loss of weight upon electrolytic reduction of the halide deposit 
to metallic silver. This indirect method is necessary since varying amounts 
of silver dissolve at the end of the electrolysis. 

The apparatus is shown diagrammatically in Fig. 2. A lead accumula¬ 
tor, U, of fairly large capacity was used as a source of current, since this 
form of battery maintains an approximately constant potential on a 
dosed circuit. The cathode was of bright sheet platinum, and the anode 

consisted of a frame of heavy 
silver wire covered with a cylin¬ 
drical surface of fine silver gauze, 
the whole being coated with sil¬ 
ver electrolytically, and after¬ 
wards heated in an electric oven 
to make the deposit firm and 
adherent. The volume of the 
electrolyte used was 200 cc. The 
voltage was read from a volt¬ 
meter, V, connected as shown 
in the figure, so that any current 
passing through it would not 
Fix- 2.—Diagram of apparatus be indicated by the milliammeter 

M. By means of the sliding resistance R the potential was set at 0.59 
volt. Upon dosing the circuit a rather large current passed at first, but with 
the aid of effident stirring diminished very rapidly and became negligi¬ 
ble at the end of 15 minutes. The potential was then raised to 0.60 
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volt and the current psssed 5 minutes more. The silver electrode, with 
its halogen deposit, after weighing, was made the cathode in a dilute 
solution of sodium hydroxide, which was electrolyzed until hydrogen was 
formed freely upon the surface of the silver. The silver halide was thus 
reduced to black silver, which was not very adherent and had to be handled 
carefully to avoid loss. After thorough washing, the electrode was heated 
to about 500 0 in an electric furnace until the deposit was white and thor¬ 
oughly sintered together. The loss in weight on reduction represents 
the weight of the halogen. In most cases more or less silver dissolves 
from the anode towards the end of the electrolysis, remaining in solution 
as silver sulfate or plating out on the cathode as metallic silver. Repre¬ 
sentative results are given in Table I. 


Tabus I - Ditekmination of Hai.ogens. 
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Wt of reduced 
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0 0307 

-fo 0001 

O OOII 

21 1538 
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From this it appears that, even in the case of chlorine, where the poten¬ 
tial required for the complete deposition lies very dose to the solution 
potential of silver the silver docs not begin to dissolve until the precipi¬ 
tation of the halide is practically complete. It was found that, by care¬ 
fully observing the limiting value, the formation of silver precipitates in 
the solution could lie avoided. In a few cases, however, after the charac¬ 
teristic opalescence of the colloidal silver halide precipitate had appeared, 
it was found that by lowering the potential below 0.59 volt the solution 
could be deared up again. But in cases where appreciable amounts of 
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the silver halide had appeared in the solution, it was coagulated by the 
stirring, and in such form it dissolves too slowly for electrolytic decom¬ 
position to be practicable. 

In spite of the unusual teclinique of the method, this procedure has 
been found to compare favorably with other gravimetric methods, both 
as to accuracy and speed. However, it must be confessed that this work 
was undertaken not so much for the purpose of developing a new method 
as for the confirmation of certain inferences drawn from the results 
of my study of electrode potentials. 

Ukbana. Illinois 


[Contribution prom the Chemical Laboratory op the University op Wash¬ 
ington.] 

PASSIVITY OF COBALT. 

By Horace G Byers and Curtis W. Thing. 

Received June 5, 1919 

Introduction. 

In a paper by one of us 1 a report is given on a series of experiments 
on the passivity of cobalt and the following statement is made: “In 
solutions of the halogen salts, sulfates, nitrates, chlorates, nitrites, dihydro¬ 
gen phosphate, citric acid, acetic acid, sulfuric acid, and nitric add, cobalt 
as an anode goes quantitatively into solution. In the free adds, also, the 
metal dissolves by direct action of the add so that the anode loss is greater 
than the copper equivalent. In caustic potash, neutral sodium carbonate, 
and potassium bichromate, cobalt fails to go into solution even to a mini¬ 
mal degree. When the plates which have been used in caustic potash are 
placed as anodes in solutions in which they dissolve, the initial high 
potential fall indicative of passivity is observed, provided the circuit is 
dosed by immersion of the cobalt anode.” It is stated in the contribu¬ 
tion of Ilollis 1 that cobalt, nickel and iron are passive in fuming nitric acid 
below a certain critical temperature which he fixes for iron at ioo°, for 
nickel at 8o° and for cobalt at 10°. In view of this contradictory be¬ 
havior of cobalt and the difference between its behavior and that of iron 
and nickel it seemed worth while to make a further study of the topic. 
The experimental work detailed below is divided into 3 parts: (1) a study 
of the anodic behavior of cobalt in various solutions with change in con¬ 
centration using small current density, (2) a study of the rdation between 
the current density and the voltage drop across a platinum-cobalt cell 
using various solutions, and a comparison with similar cells using iron 
and nickel, and (3) a study of the anodic potentials of cobalt, iron and 
nickel. 

1 This Journal, 30, 1728 (1908) 

* Trans. Comb. PM. Soc., 12, 46s (1904), 
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I. 

The pure cobalt, in plate form of known area, was fastened to a copper 
conducting wire. This was, in turn, fastened in a glass tube and sealing 
wax applied so that the electrolyte came in contact with the cobalt only. 
The whole was suspended in a porous cup within a beaker and both were 
filled with the electrolyte. The cathodes used were two platinum wires, 
sealed through glass tubes, and were hung parallel to and at equal distances 
from the anode, on the outside of the porous cup. The cup served to keep 
the cobalt anode unaffected by the hydrogen from the cathodes. The two 
cathodes gave a more uniform current density on the anode The tem¬ 
perature used in all measurements was o°. 

The amount of solution from the anode was measured from the loss in 
weight of the anode during the passage of the current. From the copper 
deposited in a copper coulometer the amount of cobalt which would have 
dissolved, assuming the metal to dissolve in the bivalent condition and 
to conform to Faraday's laws, may be calculated. Comparing the amount 
actually dissolved to the amount which theoretically should dissolve, 
the degree of passivity was calculated 

Except where otherwise indicated, the cobalt used was prepared elec- 
trolyticallv from nickel-free cobalt sulfate. A part of the work was done 
with Merck's 98% cobalt. No difference between the behavior of the 
two samples could he detected. 

A. Nitric acid solutions of normality o 01 to 5.0 were used. The cur¬ 
rent densities employed varied from 3.0 to o. 1 amp. per sq. dcm. 

B. Sulfuric acid solutions of normality 0.02 to 5.0 were used. The 
current densities employed varied from 0.1 to 2 7 amp. per sq. dcm. 
Witli these current densities the cobalt was active. In every case the 
cobalt went into solution in accord with Faraday’s law plus an amount 
varying between 9 and 1 io f , due to the solvent effect of the arid. The 
metal was evidently active. 

It was afterwards found that in a o. 2 A' solution, if the current density 
was increased to 16-17 amp. per sq. dcm. and then reduced to the densi¬ 
ties noted in Table I, that the cobalt would Lie passive. This is shown in 
the following table: 


Table 1- 98^, Cobalt in o 2 JV Sulfuric Acid at o'. 
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15 

O 0151 
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15 

O.OOO4 
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5 5 
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0.322 

15 

0.0002 

0 0107 

4.6 

I .O 


in tiie first two cases the initial high density was not employed and 
-' Ie cobalt was active. In the last two cases the initial high current den- 
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sity of 16-17 amp. per sq. dcm. rendered the cobalt passive and it re¬ 
mained passive even at the low current densities of 5.5 and 4.6 amp. 
per sq. dcm. The small loss was due to the initial period of activity and 
to mechanical losses during the cleaning and weighing of the electrode. 

C. Sodium sulfate solutions of normality o 01 to 5.0 were used. At 
small current densities the cobalt was active. Using 02 N solution, it 
was found that cobalt would become passive providing a sufficiently 
high current density as employed. 

D. In potassium diehrotnate solutions of all concentrations and at all 
current densities cobalt remained passive. It was found that additions 
of small amounts of sulfuric acid or sodium sulfate solutions would render 
the cobalt active. 

Summary.—In o 2 N sulfuric acid and sodium sulfate solutions, 
cobalt may be either active or passive at o” dependent upon the current 
density. In potassium dichromate it readily assumes the passive state 
under all conditions The passive state is not so readily reached in the 
presence of activating agents 

II. 

A cell containing the electrolyte, having an anode of known area and 
a platinum foil cathode, was placed in series wnth a niilhaniineter. A 
voltmeter was connected across the two electrodes by means of a key In 
series with the cell and ammeter was a variable resistance. A direct 
current of 15 volts was used 

The voltage fall across the cell was gradually increased Readings of the 
voltage and current were made. At a certain point the voltage fall sud¬ 
denly increased while the current simultaneously decreased. At the same 
time the surface of the anode brightened and bubbles of oxygen gas were 
evolved This marks the change of the metal from the active to the 
passive state The following curves in Fig 1 show the results for 99 i']', 
iron, 100 'l nickel, 98' , cobalt, and 100' cobalt. Solutions of 0.2 N 
sulfuric acid, sodium sulfate, and potassium dichromate were used. The 
temperature was 0°. The following table gives the area of the respec 
tive anodes • 

Tabes II —Area or Anodbs in Sy Cm. 

Mm.i1 0 2 N HiSOi 02 N NmSO, 0 2 N K,Cr.O, 

Iron (99 7%) o 201 o 066 o 068 

Nickel (ioo%7 . o 120 o 068 o 068 

Cobalt (98%) o 087 o 085 o 168 

Cobalt (ioo r / r ) 01$ o 045 o 045 

From an inspection of these curves and by calculations it may be seen 
that nickel is passive in all the solutions and at all current densities. 

Iron is passive at all current densities in potassium dichromate and 
sodium sulfate, and becomes passive at current densities above 6.0 amp 
per sq. dcm. in 0.2 N sulfuric add 
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Cobalt becomes passive in 0.5 N sulfuric acid at 10-17 amp. per sq. 
dcm., in 0.2 N sodium sulfate at 24 amp. per sq. dcm. ft is passive at 
all times in o. 2 N potassium dichroinate. 




— $ odium Sulfate 

— Potassium Dichromate 

FifS. I. 


The above curves represent average experiments and values may be 
obtained which will differ slightly from those given. The time factor 
influences results. By this we mean that if the current density were some¬ 
what lower than the above values, and the current were allowed to flow 
0r a longer period of time, the metal would become n««=ct™ & - 
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ample, cobalt in 0.2 N sulfuric acid will become passive at a current 
density of 10 amp. per. sq. dcin. if the current is passed for a sufficient 
length of time. 1 

Summary.—Cobalt as an anode becomes passive i{ the current density 
is of a sufficiently high value. The passive state is indicated by an in¬ 
creased voltage drop, a decreased current, by the evolution of oxygen gas, 
and by the failure of the anode to go into solution. 

m. 

In this series of experiments, the potential of the anode was measured 
against that of a normal calomel electrode as zero. The potential was 
measured when no current was flowing and also when the anode was a 
part of a platinum-metal cell using various electrolytes. The potentiom¬ 
eter used was a Leeds and Northrup student potentiometer and mea¬ 
sured voltage to the fourth decimal place. Owing to the nature of the 
work readings were made to the third place only. A Weston standard 
cell was used with the potentiometer. All measurements were made at 
o°. The electrolyte was contained in a large test-tube. The anode was 
prepared by fastening the metal, either in the wire form or as a narrow 
strip, to a copper wire. This was sealed through a glass tube with sealing 
wax so that the metal only came in contact with the electrolyte. A 
platinum foil cathode was used. The calomel electrode was prepared in 
the usual mauner and checked from time to time against amalgamated 
zinc in molar zinc sulfate, a voltage of 1.03 being obtained. 


Metal 

Active potential 
No current 

Potential 

Current flowing 

State of metal 
Current flowing 


A. — 0 2 N Sulfuric Acid at o®. 


Iron ( 99 - 7 %). ■ • 

— — 0 514 

+ 1 911-1 887(10)” 

Passive 

Nickel (100%). 

. —0 234 

I 9 l 6 -I 902 ( 5 ) 

Passive 

Cobalt (98%)* . 

. —0 350 

0 605-671(15) 

Active 

Cobalt (98%). 

.. . — 0 278 

1 888-1 849(15) 

Passive 


B. — 0.2 jV Sodium Sulfate at 0°. 


Iron (99 7%). .. 

.... -O.6l6 

1 939-1 97 i( 5 >* 

Passive 

Nickel (100%). 

. — 0 167 

1 809-1 797(5) 

Passive 

Cobalt t98 r j)* . 

--O 4X1 

0 270-0 250(5) 

Active 

Cobalt (98%).. 

. —0 4?x 

I 811-1 824(5) 

Passive 

Cobalt fioo%)‘ 

— 0.416 

0 302-0 264(5) 

Active 

Cobalt (100%) 

. — 0 416 

1.870-1.840(5) 

Passive 


C. — 0,2 N Potassium Dichromate at o°. 


Iron ( 997 %) 

.. . —0.185 

2 ' 634 -r. 592 ( 5 ) 

Passive 

Nickel (100%;.. 

. . O . 400 

2 268-2.290(5) 

Passive 

Cobalt (100%). 

. — 0 306 

2 422-2.522(5) 

Passive 


* Was not subjected to the initial high current to secure the passive state. 

* The figures in parenthesis indicate the current in milliamperes flowing through A® 
anode. 

1 See This Journal, 35, 767 (1913); 36. *004 (1914). 
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The electrode was immersed in the electrolyte and its potential deter¬ 
mined with no current flowing. Then a current of 50 milliamperes was 
allowed to flow through the anode until it became passive. The current 
was then reduced and the potential again measured. The current was 
allowed to flow for a long period of time and then the electrode was re¬ 
moved and the loss in weight checked against the copper equivalent 
from the copper coulometer. It seems to be impossible to get exact 
potential checks. This is due probably to variations in the electrode 
surface and in the current employed. It was found that fluctuations in 
the current very materially affected the potential The summary of the 
results obtained is shown in the preceding table. 

The above results show (1) the metals in the active state possess a 
negative potential. Experiments show that this potential will vary 
with time 1 and with the material and surface of the cathode; (2) the poten¬ 
tial of the anode when passive is positive and likewise varies with time. 
It was also found that the potential of the anode varied with the current 
flowing through it. For example, in 0.2 N potassium dichromate, the 
same passive cobalt anode will show a potential of 1 920 with a current of 
5 milliamperes and a potential of 2.40 with a current of 10 milliamperes. 

Summary.—A series of measurements of the anodic potentials of iron, 
nickel, and cobalt are given. From an inspection of the results it may be 
seen that when in the active condition and no current is flowing through 
the electrode, it has a negative potential. When the electrode is an anode 
with the current flowing, the potential changes in sign and increases in 
value even if the metal remains active. If, however, the metal becomes 
passive, the potential is markedly increased. 

Conclusions. 

The results of experiments show that, at low current densities, cobalt, 
when used as an anode, readily goes into solution. If the current densi¬ 
ties are sufficiently high, the cobalt becomes passive and is insoluble. 
The voltage measurement of the cobalt-platinum cell, with various 
electrolytes and a comparison with similar results with iron and nickel, 
show that when the cobalt becomes passive there is a marked increase in 
the voltage across the cell. It may be seen from the potential measure¬ 
ments that this is due to the change in potential of the cobalt as it changes 
from the active to the positive state. 

Cobalt may be classed with the passive metals since it exhibits all the 
characteristics of iron and nickel when they are passive. The essential 
difference between the cobalt and the other metals lies in the fact that the 
cobalt as an anode will not become passive at the low current densities 
required by nickel and iron. If cobalt assumes the passive state, it will 
remain so even though the current density is reduced. In the absence 
1 See also This Jowinaj,, 38, 363 (1916). 
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of the anodic relation, the cobalt becomes active in add solution more 
readily than does nickel. 

SBattu, Washington. 


THE RAPID DETERMINATION OF CARBON MONOXIDE 

IN AIR. 1 

By Arthur B. Lamb and Alfred T Larson 
Recciwd June 28 . 1919 

The breathing of air containing of carbon monoxide by men in 
moderate activity will lead to loss of consciousness within a few minutes, 
followed very soon by death, o. i% of carbon monoxide may cause dis¬ 
ablement in about 2 hours and o 05% is sufficient to induce drowsiness 
on prolonged breathing. 

The testing of the efficiency of gas mask absorbents for carbon mon¬ 
oxide, therefore, involves the precise analysis of air mixtures containing 
1% and less of this gas. Moreover, to follow adequately the behavior 
of an absorbent during a test, frequent and very rapid analyses are re¬ 
quired. 

When testing of this nature became necessary in the Research Divi¬ 
sion of Chemical Warfare Service, a search for a satisfactory method 
was made, but none was found at once sufficiently accurate and rapid for 
this purpose. 

Methods depending upon absorption, such as the cuprous chloride 
and the Haldane methods, were out of the question, since the volume 
changes to be measured at these concentrations were so minute. Con¬ 
version to carbon dioxide and its determination was not suitable because 
of the difficulty of securing rapid and at the same time complete absorp¬ 
tion of carbon dioxide at very low concentrations. The liberation of iodine 
from iodine pentoxide furnished a very accurate method, particularly 
at concentrations of carbon monoxide as low as o. 1%, but it was found 
to be time consuming. 

Thermometric methods depending on the rise of temperature pro¬ 
duced by the combustion of the carbon monoxide had, to be sure, been 
described, particularly in the patent literature, and they had, at least, 
the merit of rapidity. Thus, Guasco 2 had proposed a differential air 
thermometer in which one of the bulbs was of platinum covered with 
platinum black. The device has been found to poison rapidly, requires 
frequent calibration, and is not accurate at low concentrations. 

A. and L. D. Williams 5 had described an arrangement which employs 

1 Published by permission of Maj Gen W. L. Sibert, Director of Chemical Warfare 
Service, U. S. A. 

* Compt. rend., 155, 28.1 (1912). 

• U, S. pat. 1,143,473- June, 1915 
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an electrically heated catalyst in contact with which the gas bums, the 
temperature rise being measured by a thermocouple. Unfortunately, 
the two thermojunctions are separately heated with the result that the 
accidental temperature differences at the two junctions introduce errors 
which may completely mask any heating effect resulting from the combus¬ 
tion of small quantities of carbon monoxide. 

Phillip and Steele 1 had placed a catalytic material on a wire which 
was made one side of a Wheatstone bridge, the catalyst being heated by 
passing a current through the wire. No provision, however, was made 
to prevent poisoning of the active material; nor is the device sufficiently 
compensating to detect the small temperature changes resulting from 
carbon monoxide air mixtures of low concentration 

B. C. Tilghman 4 and H. H. Clark’ had suggested Wheatstone bridge 
arrangements in which one side of the bridge is heated to a temperature 
where combustion of the carbon monoxide takes place. These methods 
are, however, not truly differential and on that account are of little value 
for tile quantitative measurement of low concentrations of carbon mon¬ 
oxide. 

All of the above devices would no doubt be of value in the detection 
of relatively high concentrations of carbon monoxide, as, for instance, in 
the operation of signals, warning of the approach to the explosive limit. 
They would also be undoubtedly rapid in action, but their accuracy would 
be wholly insufficient for measurements of the low concentrations above 
mentioned. 

Attempts were therefore made to increase the accuracy of the tberroo- 
mctric method without forfeiting its rapidity, and two new modifications 
of the method were developed which met this requirement. Both measure 
the temperature rise resulting from the combustion of carbon monoxide 
in air. In the first method, the combustion takes place in contact with 
a heated platinum wire, in which case the amount of combustion is con¬ 
stant but not complete. In the second method, combustion takes place 
in contact with a platinum catalyst and is complete. In the first method, 
the temperature rise is measured by a Wheatstone bridge arrangement, 
which is practically a platinum resistance thermometer; in the second the 
temperature rise is measured by a thermocouple. 

Neither of these methods is an absolute one, that is, both must be 
calibrated by the use of carbon monoxide air mixtures of known concen¬ 
trations. As a consequence the absolute accuracy of these methods de¬ 
pends, in part, upon how accurately these concentrations can lie deter¬ 
mined either by synthesis, or, as was found more convenient in practice, 
1 U. S pot. 899,06s Sept, 1908. 

’ V. S. pat. 524,361. Aug., 1894. 

* U. S. pat 960,833. June, 1910. 
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by analysis. Since these calibrations are but infrequently required and 
the analysis of the reference gas can be made at leisure, the method em¬ 
ployed for the purpose need not be a rapid one and, therefore, a slow and 
very accurate method such as the one using iodine pentoxide can be em¬ 
ployed. The absolute accuracy of these new methods can therefore be 
made equal to that of the best chemical method; since in addition they 
are rapid, they ought to prove useful in many fields. 1 

First Method (Hot Wire Method ). 2 

In this method (Fig. i) the air mixture to be analyzed is passed over 
a platinum wire heated to a dull red, in contact with which the combusti- 



Fig. i. 

1 U. S. pats. 1,321,063 and 1,321,064 have been granted covering these two methods. 

1 This method funully pioved less advantageous for our purposes than the second 
method (Catalytic Method) to be descritwd later It was, therefore, not fully developed 
by us and can doubtless be brought to a much higher state of perfection Neverthe¬ 
less, important details regarding it were worked out; it was put in actual operation, 
and tests made demonstrated its considerable reliability and accuracy. For this reason 
a brief description of it and its operation is given. 

After our work on this method had been completed a valuable paper bearing on this 
subject was published by Weaver and Weibel of the Bureau of Standards (Bureau of 
Standards, Scimttfic Paper 334, "New Forms of Instruments for Showing the Presence 
and Amount of Combustible Gas in the Air’’). In this paper important fundamental 
studies are given of the behavior of heated wires in air mixtures containing combustible 
gases. An apparatus is described for determining combustible gases working on a prin¬ 
ciple similar to the above-mentioned First Method. It is not, however, as rigorously 
differential as this method, in that instead of two identical wires, an active and a coated 
wire are employed. Moreover, it is not certain from the above paper that this appar¬ 
atus, which evidently operated successfully as a detector at the concentrations studied, 
would at our 10 times lower concentrations operate with the precision required in our 
analytical work. 
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ble gas is partially burned, then through a tube of heated copper oxide 
•where the combustion is completed. The gas mixture, free from carbon 
monoxide, then passes back over a second platinum wire not only in itself 
identical with the first wire, but identically mounted and connected in 
series with it. These two wires constitute two arms of a Wheatstone 
bridge and after being suitably balanced a change in temperature of 
either wire with respect to the other will cause a change in relative re¬ 
sistance, which is disclosed by a suitable galvanometer. This arrange¬ 
ment, except for the carbon dioxide formed and the slight change in vol¬ 
ume, is rigorously differential. To insure identity of temperature in 
the surroundings and in the gas stream the whole apparatus is sub¬ 
merged in a closely regulated water thermostat, and the gas stream, be¬ 
fore reaching the hot wiles, is led through long, copper spirals similarly 
submerged. ^ 

The most serious difficulty and one which was underestimated at the 
outset, was the irregular variation in the relative resistance of the heated 
wires, even when no carbon monoxide was present in the gas stream. 
Thus, these relative resistances were found to vary markedly with changes 
in the total rate of flow of the gas in spite of apparent substantial identity 
in the dimensions and shapes of the hot wires and their containers. It 
was, therefore, necessary to hold the flow carefully constant by means of a 
sensitive flowmeter. In spite of these precautions large and irregular 
variations in the relative resistance of the two wires still occurred, so that 
the effect of the combustion of small concentrations of 
carbon monoxide on the first wire, was completely | 
masked. The difficulty was finally solved by care¬ 
fully eliminating eddies in the gas stream. This was 
accomplished by placing within "P" (Fig. 2} several 
layers of cotton gauze and covering the end of “P" with 
a fine-mesh cotton gauze over which the heated platinum 
wire was directly placed. This gave a steady and appar¬ 
ently stream-line flow and eliminated the marked fluc¬ 
tuations in the relative resistance of the wires. 

Apparatus. 

The apparatus is shown assembled in Fig. i. The 
platinum wires ("heaters") are supported within the 
tubes A and B. C is an electric furnace containing 
a tube of copper oxide. N and N' arc copper tubes 
wound in a spiral as indicated. H, 1 , is a flowmeter, the 
capillary of which is kept in the thermostat. L is a 
manometer which indicates changes in the pressure of air within the sys¬ 
tem. M is a wash-bottle for drying the gas while M' is a glass-wool plug 
which serves to remove add snrav 


A 


Fig. a. 
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An enlarged view of the heater and its containing tube is shown in 
Fig. 2. Into the glass fork S are sealed platinum wires (No. 14) which are 
bent sharply at right angles, the ends being one cm. apart. A slit was cut 
in the end of each wire and into this was clamped a strand of platinum 
wire, W, made by twisting together two wires 0.002 inch in diameter. 
Satisfactory contacts were made by arc welding the ends of the wire to 
the support. The fork was held rigidly so that the platinum heater fell 

Tablb I. —Deflection with o 9970' c Mixture of Carbon Monoxide in Air. 

Resistance D = 1100 ohms E = 900 ohms and F = 77 ohms. 

Heating Current = 1 1 amperes Galvanometer Resistance <" 120 ohms. 

Rate of Flow = 15 liters per minute 


1000 ohms additional resistance in 

galvanom 



etcr circuit. 





Galvanometer Total 

Time of 


reading 

deflection 

adjustment. 

Time 

Cm 

Cm 

Min 

g .40 Air 

—O 3 



9'58 Air 

—O 3 



10: 10 Air 

O . I 



10.17 Air 

- O 2 



io; 18 Gas Mixture 

-f -24 O 



10:19 Gas Mixture 

+ 22 2 



10 20 Gas Mixture 

+ 22 O 



10:22 Gas Mixture 

+21.7' 



10 23 Gas Mixture 

+21 5 



10:27 Gas Mixture 

+21 1 

• . 21.4 

9*5 

10:29 Gas Mixture 

+ 21 1 



10:32 Air 

+ 0.7 . 



10 ■ 35 Ait 

—0 3 



10:42 Air 

—0 3 



10:44 Air 

-O 2 



10:46 Gas Mixture 

+22 5 I 



10.49 Gas Mixture 

+22 5 



10:51 Gas Mixture 

+22 3 

*22 5 

6.5 

10:53 Gas Mixture 

+22 3 



10:55 Air 

—0 2 j 



10:57 Air 

—0.3 



11 • 00 Air 

—0.3 



11:03 Gas Mixture 

-(-22 2 



1 1.05 Gas Mixture 

+22 1 



11:07 Gas Mixture 

+22 1 

22 J 

4 3 

11:10 Air 

-0.7 



11:12 Air 

—0 7, 



11:15 Air 

—0.9 



11:17 Gas Mixture 

+22.2 



11:18 Gas Mixture 

+22 1 

. 22,9. 

3 ° 

11:20 Air 

—1.0 

11:23 Air 

—1 0 




S -7 


23.4 *0.4 
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just over the mouth of P. A storage battery large enough to maintain 
the wires at a constant, dull red for long periods was used. The current 
flowing through the bridge was kept constant by means of a slide-wire 
resistance and a millivoltnieter. 

Results. 

Results selected from a typical run with a o. 9976% mixture of carbon 
monoxide in air are given in Table 1. 

Similar results were obtained with mixtures containing o. i c ,' c carbon 
monoxide. The percentage reproducibility in both cases was practically 
identical, being ±2% over an interval of one to two hours, and about 5 
minutes was required to reach a definite deflection. 

Second Method (Catalytic). 

This method depends upon the catalytic combustion of the gas in con¬ 
tact with platinum. At 275-300 0 this reaction is fast enough so that 
combustion is complete under ordinary conditions. The temperature 
rise is measured by means of a thermocouple and galvanometer. After 
calibration, deflections of the galvanometer represent definite concen¬ 
trations of carbon monoxide. 

This method not only proved to be more accurate than the first method, 
but also caster to install and operate. It was used for many months in 
routine testing laboratories of the Chemical Warfare Service, and in¬ 
deed, made possible the rapid development of carbon monoxide masks and 
absorbents. 

Apparatus. 

Two satisfactory types of apparatus were developed, one using a vapor 
and the other an air bath to heat the gas and the contact mass. The 
former apparatus is by far the easier to install and it alone will be de¬ 
scribed in detail in this paper. 

A diagram of it is shown in Fig. 3; B was a steel tube 90 cm. long and 7.5 
cm. in diameter, closed at one end. The tube was covered except for the 
upper 25 cm. with several thicknesses of asbestos papier. Boiling di- 
phenylamine was found to give satisfactory results in the vapor bath 
though it decomposed slowly and had to be renewed from time to time. 
Sufficient heat to keep the zone of condensation within 30 cm. of the top 
of tube B was maintained. 

The gas mixture to be analyzed was brought to the constant tempera¬ 
ture of the vapor bath by a 4 mm. Pyrex glass tube extending to within 
5 cm. of the bottom of the vapor jacket, whence it wound backward 
in a dose coil about 15 cm. long and 6 cm. in diameter equivalent to a 
straight length of about 3 meters. Attached to this coil was the Pyrex 
glass tube A, 15 mm. in diameter and extending about 30 cm. above the 
top of the steel tube B. Tube D was fitted into A as indicated. This was 
made from a length of 4 mm. Pyrex glass tubing to which was attached 
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a 20 cm. length of 7 mm. tubing, this enlarged portion being constructed 
as shown in the figure. This tube carried the catalyst and thermoele¬ 
ment shown in the enlarged cross-section given in Fig. 4. The thermo¬ 
couple was made from No. 30 copper and constantan wires, the joints 
being welded or silver soldered. (If silver wire had been used instead of 
copper many of the difficulties resulting from the oxidation of the copper 
would probably have been avoided.) The distance between the two 
junctions was about 6 cm., this portion of the element being made of 
the constantan wire. The copper leads extended through the rubber 



Fig. 3 Fig 4. 

in dil. sodium hydroxide solution 


.connections and were attached to a 
galvanometer. A wall type d’Arson- 
_ val galvanometer, having a resistance 
of approximately 120 ohms and giv¬ 
ing a deflection of about 0.30 cm. per 
microvolt on a curved scale 50 cm. 
from the galvanometer mirror, was 
used in this work. 

Catalyst. 

Catalysts were made, some from 
platinum wire, 0.05 mm. in diameter, 
and others from platinum gauze, 
woven from a similar wire When 
the wire was used, it was wound into 
the form of a 2 nun. spiral and then 
pressed into a fairly compact mass. 
One gram of this wire gave sufficient 
surface for our purpose. To prepare 
it the platinum was first cleaned 
with acid and then covered with 
platinum black by electroplating in a 
solution of chloroplatinic acid in the 
usual manner. When a heavy coat¬ 
ing had been deposited, the wire was 
washed and then electrolyzed, first 
and then in dil. sulfuric acid, during 


which time the current was commutated as in the previous plating. This 


operation was found to be absolutely essential to the successful prepara¬ 
tion of the catalyst. The catalyst was now washed and dried and placed 
in tube D, as shown in Fig. 4. Junction G lay pear the upper surface of the 
catalyst and was as centrally located within the tube as possible. The 
catalyst was firmly packed into the tube so as to insure firm lodgment 
and to prevent channels through which the gas might pass without com¬ 
ing in contact with the catalyst. 
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This method could, of course, easily be made into a continuous record¬ 
ing one by the use of various electrical recording devices now in the market. 

Calibration. 

The apparatus was calibrated by passing tlirough it air containing 
known percentages of carbon monoxide Because variable rates of flow- 
produce variable galvanometer deflections, it was necessary to maintain 
a fixed rate of flow, which rate was governed by the nature of the testing 
to be done. The number of points to be determined for purposes of cali¬ 
bration was also governed largely by a similar consideration. 1 

To fix a given point, a certain concentration of gas was drawn through 
the machine until the galvanometer readings became constant. Two 
samples of the gas were then withdrawn and analyzed by the iodine 
pentoxide method. The concentration was now altered and a second 
point obtained, and so on, for as many points as seemed desirable. As an 
illustration, the results obtained in the calibration of an electrically heated 


apparatus (Unit N 

0. 2, New Interior Building Laboratory) 

are given in 

Table II 

Tabu: I! - Calibration 




Galvanometer d< flection 



CO in air 
mitt urr 

Complied from 
Obstfveti empirical fonii.di 

Cm Cm 

Deviation from empirical Formula. 

r 

Cm 

% total air. 

0 os; 

4 S 4 75 

--■0 25 

— O 003 

O T<>4 

HH h 70 

+0 10 

+0 OOI 

0 -'64 

- - * 73 

-1 O 07 

+ 0 OOI 

0 441 

jy 0 vi 1/1 

O 16 

O .002 

0 ;t>f> 

1 06 of* <>5 M 

+0 39 

4 -o 004 

1 127 

(m S) 4 112 09 

-0 .>9 

- -0,003 



*0 21 

=*-0.002 


* In these measurements addition d resistance had to be inserted inthe galvanom¬ 
eter circuit 


These results are represented graphically by the solid curve in Fig. 5. 
The observed deflections are represented by the empirical equation D = 
82 0yt) + i5-5('c) 3 with an average deviation of only 2 mm. 

It is of interest to compare the above observations with what would 
be expected had none of the heat of combustion been lost to the surround¬ 
ings. In this computation the specific heat of air is taken as 0.237 at 
2 75~3oo°, the molecular heat of combustion of carbon monoxide as 68040 
calories, the temperature coefficient of e. m. f. as 57.03 microvolts per 
degree and the apparent molecular weight of air as 28.8. The galvanom- 

1 In the testing of absorbents for CO, a i r ' ( Ct) air mixture lias generally been used, 
although c 5' and o.2.s r ,' have liecn found desirable at times. The ‘'break” in the 
absorbent was usually taken as the point at which o. 1 % CO leaked through These 
points on the galvanometer scale are therefore of considerable interest and it is im¬ 
portant that CO air mixtW r « of about these concentrations tie used in the calibration. 
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eter showed a deflection of 0.0323 cm. per microvolt of 1.84 cm. per 
degree. This would then require a deflection of 183.6 cm. for a 1% 
carbon monoxide air mixture, corresponding to a temperature rise of 
99.66°. This value has been used to draw the dotted line in Fig. 5, 
representing the calculated deflections for different concentrations of 
carbon monoxide. 



Fig. 5 

The observed deflections for this apparatus are about half that calcu¬ 
lated on this basis, showing that a very considerable dissipation of heat 
occurs. The gradual inflection of the curve representing the observed 
results indicating a lesser relative heat loss for higher concentrations 
and higher temperatures is interesting and is probably explained by the 
fact that at the higher temperatures a great increase in the reaction 
velocity occurs so that the reaction zone in the contact mass becomes 
smaller and hence the loss of heat by conduction less. 

Longevity of Catalyst. 

The successful operation of this device depends upon the permanence 
of the platinum catalyst. Anything which will change the character of 
the platinum black surface will impair and in some cases completely 
destroy its catalytic properties. A high temperature, for instance, will 
change the platinum black to a grey, which is considerably less active 
than the black. It was therefore imj)ortant not only that there should 
be sufficient platinum to complete the combustion of the carbon mon¬ 
oxide present, but also that this surface should be in such excess that the 
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heat generated per unit area of its surface was not great enough to effect 
« the conversion to the grey variety. 

The introduction of halogens into the gas stream produces permanent 
poisoning of the catalyst. When this occurs the catalyst must be re¬ 
moved from the apparatus and washed in hot nitric acid or even replated 
in some cases in order to bring it back to its former activity. Sulfur com¬ 
pounds were also injurious to the contact surface, but in such cases draw¬ 
ing pure air through the heated catalyst frequently restored it to its former 
effectiveness. The effect of sulfur dioxide on the catalyst is shown in 
the following table: 

Table III —Effect of Svi.fi r Dioxiih: on Catalyst 
Concentration of CO, approx 0 2‘i Temperature of air bath, 300°. Unit No la. 


Time. 

GaJ deflection 
Cm 

5 20 

25 3 

SO, introduced 1 part per lon.ooo (hy volume) 

5 13 

24 6 

5 26 

23 3 

5 . 1 ° 

23 1 

5 35 

22 6 

5 40 

21 9 

5 15 

21 2 

5 50 

20 S 

5 55 

19 8 

6 00 

10 r 

6 os 

18 4 

ft 10 

17 7 

6 15 

17 0 

(t 16 SO, off 
ft 17 

iy 0 

6 19 

19 6 

6 30 

19 b 


It will be noted that the rate of "fatigue” is proportional to the time, 
being 0.7 cm. for each 5-ininiitc interval. When the sulfur dioxide was 
turned off, the galvanometer deflection increased and finally reached a 
constant value, though one lower than at the outset. If the tempera¬ 
ture lie raised to 350 6 and air passed at the same time, this poisoning 
effect can be entirely removed. 

A few of the most frequent sources of halogens and sulfur compounds 
which were encountered and which must be guarded against deserve 
mention. When carbon dioxide is made by the dehydration of formic acid, 
the cone, sulfuric acid used suffers slight decomposition into sulfur di¬ 
oxide. Again, when the gas is dried by bubbling through cone, sulfuric 
add enough acid spray is carried along with the gas to give trouble. Rub¬ 
ber connections made from fresh, cold-cured rubber give off sulfur chloride 
and must be heated in strong alkali before use. The air with which the 
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carbon monoxide is being diluted often causes trouble. It was found ad¬ 
visable to draw the air from out of doors, in order to eliminate every possi-« 
bility of contamination. Some absorbents give off gases which produce 
poisoning effect, in which case provision has to be made for their removal. 

When precautions were taken to avoid these rather patent sources 
of contamination no difficulties were experienced. The same catalyst 
mass was often employed almost continuously for many weeks without 
replacement. It is advisable, however, when a machine is in constant 
use, to check its reading against a reference gas once a day, or better still, 
before and after prolonged senes of tests Any slight poisoning of the 
catalyst would then be disclosed and correction for it could be made 
Accuracy of Catalytic Method. 

An estimate of the accuracy of this method can be gained from the 
dose agreement of the observed galvanometer deflections obtained with 
Table IV— Reproducibility of Deflection with o i CO Ant Mixture 


Concentration of CO = 0117', (by volume). 
Rate of flow » 1 47 liters per minute 

Temperature of bath = 775 0 


Tim< 


Gctlv deflection 

Mid 


Cm 


O 

air 

O 

3 


I 

0 

fs 

n 

0 

IO 

5 


3 


12 

1 


5 


12 

3 

* 12 

6 


12 

4 


7 


J 2 

5 


8 


12 

6 


10 

air 

O 

7 ; 


14 

♦ 

O 

\ 

5 j 


16 


O 

3 


19 


O 

3 1 


21 

0 

0 

0 

12 

3 

' 12 

22 


12 

4 

*4 


12 

6 


rj 


12 

6 


26 


T 2 

6 , 


30 

air 

O 

4 ' 


33 


O 

1 


35 

0 1 % CO 

12 

0 

' 

36 


12 

5 

[** 

37 


12 

6 

3* 


12 

6 


41 

air 

O 

5 


44 


O 

3 , 

1 


* When these values arc referred to the calibration curve (Fig 4) it will lie noted 
that the galvanometer deflection* arc greater than one would expect for gas of this 
concentration The pure carbon monoxide used in this test had tiecu kept m a gal¬ 
vanized tank for sometime and the high reading is no doubt due to the added heat of 
combustion of the hydrogen which had accumulated in the tank. 
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different concentrations of carbon monoxide in calibrating an apparatus, 
for instance No na, with the empirical formula D = 8s(%) + i5.s(%)*, 
characteristic of it. As can be seen from Table III, the average percentage 
deviation here from the formula was =*=o.oo2"t, over the whole range, 
based on the air. 

The reproducibility of the readings is shown by the following table 
(Table IV) where observations made when air and a o. t' J carbon mon¬ 
oxide mixture were alternate^- drawn through the machine are recorded. 

It is evident that over this interval tlic galvanometer readings are re¬ 
producible to within a millimeter or to within i r ' c ■ this corresponds to 
an absolute reproducibility in this mixture of o.ooi' " c carbon monoxide 
based on the total air. 

The reliability^of this device in the estimation of carbon monoxide is 
further shown by the results tabulated below. This table (Table V) 

Tabu; V—-C<>mp\rativu limur.NCiEs 


Carbon Monoxide 

Canister. 

A- ' 

Thi rnrometrio Method 

B - -Iodine Pentoxide 


Method 

Against i'i CO Air 

Mixture 






C; 

mister No 20 






Mina 

5 

45 120 

165 

I 9 S 

255 . 

248 . 

', linkage by A 


C» 1 

<■* 5 0 S 

I O 

1 5 

4 8 

IO O 

1 , Leakage bv li 


n S 

10 11 

l 2 

2 I 

4 7 

11 7 

11 - • f , A 


<> t 

- u 7 -0 <S 

•O 1 

•O <> 

- <r> i 

—i .7 



OnivUi Xo -1. 






NHiis 

5 

4 < l JO 

if.s 

200 

2 JO. 

254 . 

‘, 1 (.tkagr bv A 


O 2 

O I O 4 

0 5 

- 4 

5 J 

9-7 

lAitk.iK*. Iv\ H 


<) X 

O 0 0 0 

0 6 

2 5 

3 0 

10 5 

'< H \ A 


~o J 

" J ^ 3 

- -o 1 

O I 

0 I 

-0 8 



Canister No 22. 






Min^ 

S 

4 v 120 

156 

1 TO. 

130 . 


( x L* uk.igf by A 


n 

11 1 7 

5 i 

4 s 

15 7 


r i Ix-akagt b\ II 


o 8 

14 18 

5 7 

10 7 

16 I 


r , B >; a 


O 5 

■ -»> 4 1 • x 

—O 4 

—O 9 

—0 3 




Canister No 






Mins 

5 

4 ' 120 

165 . 

176 . 

133 


‘ t leakage b> A 


O I 

04 08 

5 0 

JO 4 

15 3 


' i Leakage by B 


o o 

0 0 0 5 

4 

8 d 

'5 5 


r ; b - '; a 


O I 

04 02 

0 4 

1 4 

• -O 2 

... 



Canister Xo ->4 






Mins. 

x 

45 120 . 

H>V 

>84 

200. 

215, 

' r Leakage l>v A 


t> 0 

01 02 

* 4 

4 9 

9 8 

15 O 

f ! Leakage by H 



x > 0 00 

I T 

4 « 

10 5 

15 3 

B C' A 


i» 0 

OI 0 2 

0 j 

O 1 

-XI 7 

— 1 > 3 



C.ui»*»tiT Xo 2$ 






Mins. 

4** 

12(1 X 50 

IW 

211. 



'. U'nk,ig. Iiv A 


0 4 

12 X n 

>1 <> 

1 4 7 



'( Leakage by B 


0 8 

11 4 ti 

10 3 

14.5 


. -. 

Ml- % A. 


—0.4 

0.1 0.4 

—0.7 

0.3 
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contains the results of a series of carbon monoxide canister tests in which 
the iodine pentoxide method and this thermometric method were both 
used in testing the effluent gases. At every point where an analysis was 
made by the chemical method a similar analysis was made by the thermo¬ 
metric device. The fine agreement of the two methods shows the new 
one to be entirely trustworthy. 

Assuming for the moment that the values obtained by the iodine pent- 
oxide method are correct, the average discrepancy of the above results 
by the thermometric method is only o. 38', 0 . At first glance this might 
appear to be a large average where such small quantities (o 2%-io.0%) 
are concerned, but when it is remembered that the tests are made on a 
1% gas and that, therefore, this percentage variation corresponds only 
to an error of o.0038% on the total air mixture, it will he recognized 
that this represents a very excellent agreement. This agreement is espe¬ 
cially satisfactory when it is remembered that the results were secured 
in routine runs made under the stress of war time demands. 

Actually, since the thermometric method was calibrated by means of 
iodine pentoxide, the above discrepancies are essentially accidental, and 
should not all be charged to the thermometric method In other words, 
the real discrepancies are presumably somewhat less than o 0038* '<. 

Summarizing our observations regarding the accuracy of this catalytic 
method (Method No 2), we would say that at least on mixtures of o 1 
to 1% of carbon monoxide the method can reasonably be relied upon for 
an accuracy of =*=0.003%, based on the total air. 

Summary. 

1. The necessity for an accurate and rapid method for the analysis of 
dilute carbon monoxide air mixtures in the study of gas mask absorbents 
for carbon monoxide has been explained. 

2. Two thermometric methods answering this requirement have been de¬ 
scribed. In the first method the gas mixture is passed over a platinum wire 
heated to redness and the carbon monoxide is partially burned in contact 
with it. The gas mixture is then freed of carbon monoxide by passing 
through heated copper oxide and is brought back in a thermostat over 
another identical platinum wire heated by the same electric current. 
The first wire is the hotter because of the combustion which occurs on it— 
and the resultant relative change in the resistance of the two wires serves 
as a measure of the concentration of the carbon monoxide. In the second 
method the mixture is passed through a platinized, platinum catalyst 
when the carbon monoxide is completely burnt. The temperature rise 
is measured by a thermoelement and indicates the concentrations of the 
carbon monoxide. 

3. Both methods are rapid. The latter is particularly accurate, easy 
to install and to operate With reasonable precautions the activity of 
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its catalyst remains constant so that machines have been in constant 
satisfactory operation for many weeks at a time. Being very nearly in¬ 
stantaneous these methods are particularly useful for continuous analysis 
of a changing gas mixture. Attempts to apply them to the analysis of 
flue and combustion gases are already under way. 

Washington. D. C. 


[Contribution from TOE Kent Chemical Laboratory or the University of 

Chicago ) 

STUDIES IN CONDUCTIVITY. VI. THE BEHAVIOR OF MIX¬ 
TURES OF TWO SALTS CONTAINING A COMMON 
ION IN ANHYDROUS FORMIC ACID SOLUTION. 

Bv H. I. Scm.KMii.iiR and F. II. Risbd 1 

Receiv'd July 78, !>>I9, 

The first 4 papers of this series 2 have dealt with the agreement of solu¬ 
tions of formates in anhydrous formic acid with the demands of the law 
of mass action, when the degree of ionization is determined by the conduc¬ 
tivity method, although in such solutions these electrolytes are very highly 
ionized. Since highly ionized substances in other solvents do not obey 
this law, there exist at present no measurements for strong electrolytes 
which can be used to verify the deductions which are made from the law 
for the behavior of mixtures of two electrolytes with a common ion. An 
investigation of such mixtures therefore seemed desirable, especially as 
agreement with the law in the behavior of the mixtures, as well as of the 
individual salts, would dispose of the possibility that the agreement in 
the case of the latter is due to any accidental cancellation of deviations.* 
This study, in addition to having fulfilled the purposes just mentioned, 
has resulted in bringing out some points that may lead to a better under¬ 
standing of concentrated solutions and has thrown further light on the 
peculiar behavior of the formates of the alkaline earths. 

In most details the methods of Schlesinger and Martin were followed 
without change except for the following points: The formic add was 
prepared by distilling Baker & Adamson’s acid, prepared especially for 
our work, from '/io its volume of phosphorus pentoxide at 20° to 27 0 , 
and a pressure of 10 to 18 mm. Three distillations, in the apparatus al¬ 
ready described, usually produced an acid with a specific conductivity 
1 The work reported in this and the preceding jjnjwt of this series has been pre¬ 
sented to the Faculty of the Ogden Graduate School of Science of the University of 
Chicago by F. H. Reed in partial fulfillment of the requirements for the degree of I>octor 
°‘ Philosophy. The work was completed in June, 1917. 

•Schlesinger and collaltorators as follows: With Calveit, This Journal, 33, 
“ ,J 4 (tyti); with Martin, Ibid., 36, 1589 (1914b with Coleman. Ibid.. 38, 271 (1916), 
w >tli Mullinix, Ibid., 41, 72 (1919). 

* See also the seventh paper at tN<* •»‘- i -’ " “ 
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of about 6.5 X io~ s reciprocal ohms. The formates were made as by 
Schlesinger and Coleman; tliev were recrystallized from absolute alcohol 
until their conductivities in solution were unchanged by further recrys¬ 
tallization. The formates of strontium and calcium used were parts 
of the samples prepared by Schlesinger and Mullinix. All salts were 
analyzed by conversion into sulfates and were found pure within the limits 
of the analytical method. All solutions were made by weighing the salt 
directly into the 25 cc. volumetric flasks. Weights were corrected to 
vacuum. The conductivities were measured by the Washburn modifica¬ 
tion of the Wheatstone-Kohlrausch method with the special precautions, 
the necessity for which was pointed out in the fifth paper of this series. 1 

Ionization Constants. 

For the interpretation of our work on the mixed solutions an accurate 
knowledge of the ionization constants of the salts investigated is neces¬ 
sary. When these constants were taken from the earlier work of this 
series, for which an accuracy of from o 2 to 0.3^was quite sufficient, it 
was found that the calculated results showed certain irregularities which 
we ascribed to very slight errors in the relathe values of the various 
ionization constants employed. Since our improved apparatus and meth¬ 
ods, described in the paper referred to above, enabled us to determine 
the conductivities of solutions with a maximum average error of slightly 
less than 0.05* 0 it was deemed advisable to redetermine these constants. 
Tables I, II and III show the results obtained. In each case no more 
determinations were made than were needed to cover a sufficient range 
of concentration to make dependable the average value of the ionization 
constant of that salt. In the first column of each of these tables is given 
the concentration of each of the respective salts expressed in gram mob 


Table I 

—Tiis Conductivity or 

1’oTASSIUM 

Formatg 

Solution 

AT 25 0 IN 



Anitydrous Formic 

Acid 



Cone 

X. 


Xa 

O 

K 

% error 

O 



(>H 92 




0.1027 

0 006581 

0 006516 

63 4^ 

O 920 

1 092 

c> 01 

O 1314 

0 008232 

0 008167 

62 ift 

O 902 

1 092 

0 02 

O 1804 

0 01093 

0 01086 

60 22 

0 874 

I 091 

0.01 

0.1992 

O 01193 

0 01187 

59 55 

0 864 

1 095 

0 06 

O 2312 

0 01356 

0 01350 

58 39 

O S47 

I 08G 

0 05 

O.2433 

0 01418 

0 01411 

57 99 

O 841 

1 087 

O 04 

O 2696 

0 01549 

0 01543 

57 24 

0 831 

I 097 

O 09 

0.2792 

0 01595 

0 01489 

56 90 

0 826 

1 091 

0 02 

Q. 3 l 0 4 

0 01744 

0 01738 

55 99 

0 812 

I .092 

0.03 

O 3232 

0 0180.1 

0 01796 

55 58 

0 806 

I .085 

0.06 

0 3253 

0.01813 

0 01806 

55 52 

0 806 

I 086 

0.06 

O.3266 

0.01818 

0 01812 

55-48 

0 805 

1 085 

O 07 





Av., 1.090 



> Schlcsiaiser and Reed, This Journal, 41, 1727 (1919). 
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Table IT —The Conductivity op Sodium Formate Solution at 25 ° in 
Anhydrous Formic Acid 


Cone 

X 

*0 


a 

K 

% error 

O 

O 06418 

n 00402s 

O CIO396O 

66 225 

61 70 

O 932 

0 815 

0 04 

O 0688t 

0 004289 

O fK1422S 

61 A 9 

O Q27 

0 8 to 

0 00 

0 08*75 

0 005135 

O OO5O7l 

60 54 

O 914 

0 816 

0 06 

O 09682 

0 005850 

O OO5786 

59 75 

O 902 

0 807 

0 04 

0 1755 

0 0098H8 

O 009820 

55 ‘>4 

O 845 

0 St >6 

0 06 

<i 2068 

0 01137 

O <11131 

S4 67 

0 826 

a 808 

o 03 

0 2337 

0 01262 

O 01256 

55 72 

0 811 

0 814 

0 04 

0 2528 

O 01346 

O Ol3+0 

51 ix> 

0 800 

0 8u> 

0 01 

*> 2 7 34 

O 01436 

O 01429 

52 2B 

<> 789 

0 809 

O 02 

<1 2954 

0 01529 

0 oi5 22 

5' 54 

0 778 

o 807 

0 07 

0 5* 

0 01613 

0 cji6o6 

50 94 

0 769 

0 808 

0 05 

per liter 

of solution; 

in Col. 

A\ 0 S10 

2 the specific conductivity (X) 

at 25 0 =*= 

o.ot 0 , in 

reciprocal ohms; in 

Col. 3 the 

specific 

conductivity (X„) 


corrected for the conductivity of the solvent; in Col. 4 the equivalent 
conductivity (\ a ) calculated from the corrected specific conductivity; 
in Col. 5 the degree of ionization (a) the necessary A 0 being found as 
described in the earlier papers of this series; in Col. 6 the ionization 
constant (K) as calculated from the equation a’C'/U — a) - A"; in 
Col. 7 the percentage error in the measured specific conductivity 
which would account for the deviation of the individual values of K from 


Table III The Conductivity op Lithium Formate Solution at 
i <,° in Anhydrous Formic Acid 


Couc 

0 

X 

*a 

64 72 

a 

K 

% error. 

0 06709 

O 00397s 

0 00^917 

58 58 

0 902 

0 557 

0 Ol 

0 09025 

0 005180 

0 005116 

56 68 

0 876 

0 557 

0 00 

u uilK 

0 005752 

0 4X15689 

55 86 

0 863 

0 554 

O 06 

0 1248 

0 006861 

0 006797 

54 46 

O 84T 

0 557 

O Ol 

0 1438 

0 007717 

0 007673 

53 V 7 

0 825 

0 557 

0 01 

0 15 2 4 

O O0812: 

0 (*)fic»6i 

.5 2 9 « 

O 817 

0 557 

0 Ol 

O 1O58 

O <x> 8;22 

0 <*>8658 

5= 21 

O 807 

D 55 s 

0 02 

0 1749 

0 009I16 

0 00905 *1 

.51 77 

0 80O 

0 559 

0 06 

0 1750 

0 OO9U4 

0 (*>9053 

51 73 

O 799 

0 557 

0 00 

0 V> ,S 

O OO98U 

O 009750 

50 9 * 

0 787 

O 556 

0 03 

0 1916 

O 009835 

O 009773 

50 95 

0 787 

O 559 

0 06 

O 2044 

O OIO36 

O 01030 

5 ° 38 

0 778 

0 559 

0 06 

0 219(1 

0 01099 

0 01092 

49 73 

0 768 

« 559 

0 07 

0 2480 

0 01209 

0 01203 

48.51 

0 750 

0 556 

0.03 

0 2596 

0 01253 

0 01247 

48 01 

0 743 

lo 553 ! 

0 16 

0 3076 

0 01429 

0 OT423 

46 24 

0 714 

Av 

{0 55 °) 

.* O 557 

0 30 


* The bracketed values were not used in obtaining the. average because they were 
obtained from solutions so concentrated that the mass law is no lonuer obeveH 
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the average value. This percentage error is given because relatively 
large deviations in the constant may be due to very small errors in the con¬ 
ductivity, which is the measured quantity showing the net experimental 
error. It will be seen that in every case this error is less than o. i%, and 
is in nearly all cases very much less. 

Method of Calculation. 

By the use of the constants thus determined a method for the calcula¬ 
tion of the specific conductivity of a solution of a mixture of any two of 
these salts (e. g., sodium and potassium formates) was developed as fol¬ 
lows: The specific conductivity (X„) of such a mixture is considered the 
sum of the specific conductivity (Xi) of the first salt (sodium formate), 
and of the specific conductivity (X;) of the second salt (]x>tassium formate); 
or > Hr = Xi + X 2 . N ow, in general, if X represents the equivalent con¬ 
ductivity, X the specific conductivity, a the degree of ionization, and C 
the concentration, the relation holds that 1000 X/C = X = aX 0 , where 
X 0 is the equivalent conductivity at infinite dilution; or it mav be written in 
the form 


1000 X = a \ a C . 

Consequently, 

IOOO X m = OlX'oCi + (i) 

in the right hand member of which equation the first term gives the specific 
conductivity of one of the salts, and the second term that of the other 
salt. 1 It may be noted that the only unknown terms in this equation 
are the respective degrees of ionization of the two salts. If it is assumed 
for the present that one of these, a 2 , is known (the method of finding it 
will be discussed later), it is possible to find an expression for <*i in terms 
of <*2 and other known quantities as follows: 

Upon the basis of the assumption that the law of chemical equilibrium 
is obeyed when these two salts containing a common ion are present 
together in a solution, the ionization constants A'i and A' 2 may be expressed 
thus, respectively: 

ai(a t G + ajQ/O — <*i) = A'i, (2) 

« 2 (onCi + £»jCj)/(i — a 2 ) = A' 2 , (3) 

from which, dividing (2) by (3), we obtain: 


atKrfK* 

I — a 2 (l —- K\/K%) 


( 4 ) 


Since K\ and A' 2 are known for the salts in question, Equation 4 makes 
the calculation of a\ very simple when a 2 is known. 

Equation 3 may be written 


aiCi + a 2 Cj = Ki( 1 — oc%)/a j. 


1 Terms with subscript 1 refer in general to one of the salts; terms with subscript 
2 to the other 
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Dividing by a* we obtain 

Ct + Ciai/ati = A'j(i — a t ')/ q-2 5 . (5) 

The law of mass action reads 

as*C/(i — a 2 ) = Ki, or C = A' 2 (i — a/)/at 2 . (6) 

Now it is self evident that C in Equation 6 represents a concentration of 
the second salt in a solution containing that salt only, in which the degree 
of ionization, as, is the same as it is in the mixture of the two salts for which 
Equation 5 holds Calling this concentration C SI we may rewrite Equa¬ 
tion 5 

Ct -t- C\a\/at — C 3 (7) 

In order to use the equations just given, we now calculate for a series 
of arbitrarily chosen values of at the corresponding \ alues of ai and C s 
by use of Equations 4 and 6, and plot a, iat against either C s or at 1 The 
first step in the calculation is to chose a value for C, u hich might be the 
one in which the ionization of the second salt in a solution of that salt 
only is the same as it is in the mixture for which the calculation is to be 
made In order to test the correctness of this value, we read off from 
the plot the value of 'at, corresponding to that of C, which has been 
chosen, and from the know n \ alues of C 1 and Ct calculate the numerical 
value of the expression Ct + C ia, 'at If this is equal to C,, as demanded 
by Equation 7, the value chosen for C s is correct, if it is not, we must 
choose another \ alue for C, and continue by a method of trial until the 
correct value is obtained 

This method of calculation may be illustrated m the case of Expt. 14, 
Table V The sum of the concentrations of the two salts is about o 219. 
Since this is not all potassium formate it is dear that a solution of this salt 
alone in which the concentration is somewhat less than o 219 would be 
ionized to the same extent as the potassium formate in the mixture.* 
We therefore assume for C s the value o 21, from the curve, the corre¬ 
sponding value of aj /aj is o 9532. Now Cs and Ci in this experiment were, 
respectively, o 05699 and o 1622, whence Cs + Cun 'as = o 2116, a 
value of C, different from that assumed Since a,/at decreases as C, 
increases, it is evident that a higher value of C, must be assumed, finally 
assuming the value o 2115 for C„ the corresponding at/as is o 953 and 
Cs + Ciai/aj = o 21156, which is sufficiently dose to o 2115 to be con¬ 
sidered identical From the second plot and the value o 953 for ai/aa, 
we now find that as is o 857,'* whence ai is o 8167 We can now use these 

'Other combinations could Ik. uwd for tiled- plots, but the two mentioned are 
the most ronvcnient 

* Note that for Cs wc always use the data for the salt of greater ionization which 
is the second salt of the mixtures 

* From the value o 2115 for Cs and Equation 6 the value of os might be calculated 
but the use of the second curve is simpler 
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values in testing the experimental data. If both salts in the mixture obey 
the mass law and if the equivalent conductances of none of the ions is 
affected by the other ions or molecules present, the specific conductivity of 
the mixture should, according to Equation 1, be 0.01214, whereas ex¬ 
periment gave 0.01215. 

This method of calculation 1 has proved quite simple and accurate. All 
curves were plotted to such scale that the conductivities of the mixed solu¬ 
tions could be calculated with an accuracy as great as that of the measure¬ 
ments. 

When Ci = C 2 , as is true of a number of the experiments, the calcula¬ 
tion can be somewhat simplified, as in this case Equation 2 becomes 
C = Ki(l — ai)/«:(orj + «;). (8) 

Table IV contains the data used in constructing the curves for the cal¬ 
culation of the conductivity of mixed solutions. It will be understood 
from the foregoing discussion that thes e data are derived from the ioniza¬ 
tion constants given in the preceding section of this paper and from those 
given by Schlesinger and Mullinix- in the case of the alkaline earth for¬ 
mates and therefore are in no way dependent on the \ alues found for the 
conductivities of the mixed solutions. The first column contains the 
values for a 2 , which are arbitrarily chosen at uniform intervals and which 
in the mixture of potassium formate with sodium, with lithium and with 
strontium formate, refer to the degree of ionization of the potassium salt. 
For the mixtures of strontium formate with calcium formate, a? refers to 
the degree of ionization of strontium formate. The next 5 columns show 
the corresponding degree of ionization of the other salts, as calculated by 
Equation 4. In order to make dear to what mixture each set of data 
refers, the symbols a lNa , a, L „ a l Sr , a, c a have been used. It will be 
noted that two sets of values of a t Sr , the degree of ionization of strontium 
formate, corresponding to the values for potassium formate given in the 
first column, are to be found in Cols. 4 and 5; the significance of this 
will be explained later. Attention may be called to the fact that values 
of ai and of C„ corresponding to those of « 2 , have not been given in all 
cases—only those values required for the calculations have been included 
in the table. Col. 7 gives the value Cr, which is identical with C, 
of Equation 7 when potassium formate is the second salt of the mixture 
and Col. 8, the value of C Sr i which is the same as C, when the second 
salt of the mixture is strontium formate.® 

1 Calculations of this sort liavc been made in aqueous solutions by the isohydric 
principle. When the mass law is supposed to be oljeyed, the isohydric principle in the 
simple iorm is applicable only to those cases in which the ionization constants are very 
small —a point which is sometimes overlook) d. 

* hoc. ctl. 

• In the mixtures of strontium and potassium formate the latter is considered 
the second salt. 



MIXTURES OK TWO SALTS IN FORMIC ACID. 


I927 


Tabu: IV —Data tor tiii; Calculation or ihl Conductivities of 
Solutions and Mixtures" 


CC 7 

“l.Ni 

a i t Li 

a \ 

a \^r 

"i.Ca 

Ck 

C.Sr. 

D 670 





0 *)2 55 


0 3767 

O 680 





0 (, jPi 


0 3554 

0 6<>o 





0 646K 


° 3344 

0 700 





0 6575 


0 3144 

0 710 





0 67,82 


° 2955 

0 720 





0 6790 


0 2774 

0 tko 





0 6898 


0 2602 

0 740 





0 7007 


0 2439 

0 7*50 


(> 6oS2 



0 7116 

u 4840 

0 2283 

0 7 60 


O 61^0 



0 7226 

0 4529 

0 2134 

0 770 


0 Mil 



0 73 36 

0 4227 

0 1992 

0 780 


0 644* 



0 7448 

0 3942 

0 1857 

0 7 

O 7 id 5 

0 M 7 8 


0 (>M 

0 7858 

0 3667 

0 1728 

0 Son 

0 74*3 

n f »7 15 



0 7669 

0 3406 

0 1605 

0 S10 

0 76 c l 

0 *»M 4 


0 6677 

0 7781 

0 3156 

0 1487 

<> S20 

t> 7720 



0 < 82 - 

0 -t >94 

O 2<>!& 

<> '375 

0 Mo 

0 ;M<) 

0 71 >9 

0 *,?}«> 

0 9970 

0 S006 

1 

*■* 

0 

0 1267 

0 

0 71 ./><> 

0 72 S>s 

o to 

0 7121 


(> 2472 


0 Mo 

it Sutll 

0 74 ^ 

t> S'18 

0 7-73 


0 2263 


0 860 

0 MM 

0 

O sot f 

0 71 v 


0 2063 


0 870 

O S*2(> 

0 77 S 7 

0 filto 

0 7 


0 1872 


<1 8S0 

0 H (pi 

0 789 ^ 

0 9 u4 

<• 7755 


0 1680 


0 890 

Cl Ss 74 


0 Msg 

0 79-2 


<> I 5>4 


0 900 

<> V#t>9 


0 -> 

O S(tt»2 


0 I34f> 


0 910 

0 882^1 


0 704? 

O 


0 1184 


0 920 

0 8953 


0 7^04 



0 1030 


0 Q30 



O 7578 



0 0S82 



* The ionization constants used m the calculation o( the data ut this table are 
1 oq, o Kio, 0357, 0,514 and 04a: lor potassium, sodium, lithium, strontium and cal¬ 
cium tommies respectively '1 ht first 5 values art taken from the first section of this 
paptr, the others from the work of hchksmger and Mullmix f loc cit) The values 
given m that paptr me slightly diflercnt from those used hero This is due to the fact 
that the work herein reported was completed before that of Mulltnix and consequently 
we used his preliminary values for the constants and the conductivity at zero concen¬ 
tration of the two alkaline earth foimatcs A recalculation of a few of the data with 
the final values has shown that no change of importance is introduced into the Tesults 
or conclusions and as the calculations require a great deal of time they have not been 
reoeated 

Solutions Containing a Mixture of Two Uni-univalent Salts. 

Table V gives the results of the work done with solutions of mixtures 
of sodium and potassium formates. The first column of the table gives 
the number of the experiment since tins information is required for later 
reference, and Col. 9 show's the percentage deviation between the 
specific conductivities Col. 7, calculated on the assumption that 
the mass law holds in the solutions of the mixtures for both salts by the 
method just discussed, and the experimentally determine! -— 
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ductivities Col. 8. The meanings of the headings of the other col¬ 
umns have already been given. 

Table V —Ths Conductivity of Solutions of Mixtures of Sodium and 


Potassium Formatks in Anhydrous Formic Acid at 25“. 


E*pt C,. 


a 

Cs 


ai 

a : 

X calc 

X found 

% error. 

8 

O 

05288 

0 0528s 

0 

894 

O 919 

0 006481 

O OO6492 

O 17 

9 

O 

05306 

0 05306 

0 

894 

O 919 

0 006500 

O 006512 

0 19 

10 . . 

O 

06197 

0 06197 

0 

S80 

O 908 

O 007488 

O OO7486 

0 02 

4 

O 

07113 

0 07114 

0 

866 

O 897 

O 008475 

O 008478 

0 03 

2 . . 

O 

08755 

0 08755 

0 

843 

O 879 

O OlOIQ 

O OIOI95 

0 06 

5 

O 

1014 

0 1014 

0 

825 

O 864 

O OII58 

O OII 5 Q 

O.IO 

II 0 2025 

O 

1081 

0 09941 

0 

823 

O R62 

O OII79 

O 01178 

0 13 

14 0 *115 

O 

1622 

0 05699 

0 

817 

O 857 

O OT2I4 

O OT 2 I 5 

0 03 

7 

O 

1076 

0 1076 

0 

S18 

O 858 

O 01219 

O OI2I9 

0 02 

12 O 2188 

O 

08522 

0 1377 

0 

812 

O 853 

O 01268 

O OI269 

0 06 

13 O 2381 

O 

1495 

0 09645 

0 

801 

O 844 

0 01 353 

O 01351 

0 22 

3 • • 

O 

1231 

0 1231 

0 

8 Or) 

O 843 

0 01 ^67 

O OI369 

0 12 

6 

O 

1304 

0 1304 

0 

792 

O 837 

0 01436 

O OI44O 

0 24 

16 0 2645 

O 

1344 

0 1375 

0 

786 

O 832 

0 01489 

O 0149 I 

0 15 

1 ... 

O 

1476 

0 1476 

0 

775 

O 822 

0 01593 

O 01592 

0 06 

15 

O 

1628 

0 162S 

0 

761 

O 8lO 

0 01729 

O OI728 

0 05 

17 

O 

1807 

0 1867 

0 

739 

O 792 

0 019^3 

O OI929 

0 22 


Similar measurements and calculations made for solutions of mixtures 
of lithium and potassium formates are presented in Table VI. It is of 
interest to note that the mixtures of sodium and potassium formates repre¬ 
sent a case in which the ionization constants of the two salts (0.810 and 
1.09, respectively) do not difTer very greatly, while for the mixtures of 
lithium and potassium formates the difference in the constants (o 557 
and 1.09, respectively) is much greater. 


Table VI —The U ondi cm itv or Soi i tioss op Mixtures oi I.itiiium 
and Potassium Formates in Anhydrous Formic Acid at 25°. 


Expt. 

c s . 

Cl 


Ci. 

ai. 

cn 

X calc 

X found 

% error. 

3 


0 08933 

0 

08932 

O 789 

O 880 

O OO9976 

O 00^)981 

O 02 

6 

0 1821 

0 1216 

0 

07373 

O 778 

O 8"3 

O OIO56 

O OIO56 

O OI 

7 


0 1082 

0 

1082 

O 761 

O 862 

0 01175 

0 01174 

O 04 

3 


0 1159 

0 

1159 

O 750 

0 854 

O OI244 

O 01244 

O 02 

8 


0 1219 

0 

I2IQ 

O 742 

0 849 

O 01298 

O OI299 

O 06 

4 

O 2401 

0 2231 

0 

04618 

0 733 

0 843 

O OI327 

O 01326 

O 05 

S 

0.2348 

0 07511 

0 

1694 

0 737 

0 846 

0 01346 

O OI346 

O OO 

1 


0 1374 

0 

1374 

0 722 

0 836 

0 01434 

O OI434 

0 02 

9 

0.2801 

0 1618 

0 

1415 

0 707 

0 825 

0 01545 

O OI544 

O 05 

«3 

0 2631 

O 2241 

0 06986 

O 718 

0 833 

0 01442 

0 01439 

0.31 

It 

0 2860 

0 2266 

0 

09227 

0 703 

0 822 

0 01554 

0 01549 

0.32 

14 

0.3124 

O 2002 

0 

1428 

0 687 

o8u 

0 01689 

0 01681 

O.46 

It 

0.3271 

0 2233 

O 

I3#8 

0 679 

0 805 

0 01752 

0 01741 

0.62 


It will be seen from Table V that the experimentally determined con¬ 
ductivity of solutions containing both sodium and potassium formates 
agrees extremely well with the value calculated on the assumption that 
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the mass law is applicable m these mixtures The maximum deviation 
is o 24%, which can easily be accounted for by errors less than o 1% 
in the conductivity measurements on which the values of the ionization 
constants of the two salts were based The mixtures of lithium and 
potassium formates show an even better agreement as inspection of the 
first 9 lines of Table VI shows, the maximum deviation btmg only o 06%. 
This result may 1>e taken as fairly definite proof that the agreement be¬ 
tween the demands of the mass law and the actual behavior of the uni- 
univalent formates in anhydrous formic acid solutions is a real and not 
merely an apparent one 

The last 4 measurements shown in Table VI require further discussion. 
It has been shown m an earlier pajier 1 of tins scries that the agreement 
between the mass law and the behavior of the alkali formate solutions 
ceases when fairly high concentrations are reached as is of course to be 
expected It was thought that the behavior 01 the concentrated mixed 
solutions might throw some light on the question of concentrated solu¬ 
tions in general, and a few measurements were therefore made While 
this part of the work has merely been begun, the results are of sufficient 
interest for a brief discussion It was pointed out m the earlier papers 
that the {joint at which these formates begin to deviate from the mass 
law is not the same for anv of the s ilts inv estigated While it is of course 
impossible to determine ex tcllv wh it that point is, it may Ik stated that, 
for example, the lithium formate solutions begin to deviate from the law 
at a concentration in the neighborhood of o 25 A f with potassium formate, 
on the other hand, deviation commences onlv above 1 o 40 V It seemed 
therefore that some information might be obtained bv determining ap¬ 
proximately the concentration at which a mixtuie of these two salts 
would begin to show a similar deviation For this purpose the last 4 
measurements found in Table \ 1 were made and for a discussion of the 
results Table MI, containing measurements taken from Tables III and 

VI and calculations based upon them, w is constructed Col 1 of Table 

VII gives the number of the measurement from III or VI, the symbol 
Li indicating that lithium salt alone is present, the symbol Li K that the 
measurement is for a mixture Col 2 pves the total concentration 
of salt dissolved, Col 3 that of the* undissociated lithium formate; 
Col 4 that of the lithium 10ns, Col 5 that of the undissociated potassium 
formate. Col 6 that of the potassium ion. Col 7 that of the formate ion. 
Col 8 the total concentration of undissociated molecules, Col 9 the total 
concentration of 10ns, Col 10 the concentration of all molecular species, 
1 e , 10ns and undissociated molecules, and Col n gives the percentage 
deviation of the specific conductivity of each solution from the demands 
of the mass law 1 . 

' Sclilesinger and Mai tin. Lor ett 
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Tabus VII. 




Cone, 

Cone. 

Cone 

Total 

Total 

Cone 



Total HCOOU Cone 

HCOOK Cone. 

HCOO- 

cone. 

cone. 

mols + 


Expt. 

cone. 

tmdLs. L 1 + >on. 

uadis. ion. 

ion. 

mpls. 

iona. 

iona. 

% dev. 

5 Li-K. . 

0.2445 

O.OI 97 0 0554 

00261 01433 

0 1987 

O 0458 

0 3974 

04432 

0 00 

31 Li... . 

0.2480 

00620 0 i860 


0 i8(to 

O 0620 

0 3720 

0 4340 

— 0 03 

33 Li.. .. 

0 2596 

O 0670 0 1926 


0 1926 

O 0670 

0 -}SS2 

O 4=S22 

0 16 

4 Li-K. . 

0.2693 

00596 01635 00073 00389 

0 2024 

O 0(169 

0 4048 

0 4717 

~o os 


13 Li-K 02940 0.0632 01609 00117 00582 02191 0.0749 o 43H2 05831 —031 

9 Li-K.. 03033 00474 01144 0024H 01167 02311 00722 04622 05344 -005 

14 Li. . 0.3076 00880 02196 02196 00880 04392 05272 030 

11 Li-K.. 03189 00673 01593 00165 00758 02351 00858 04702 05540 -032 

14 Li-K.... 03430 00627 01375 0027001158 0243s 00897 o 5066 04963 -046 

12 Li-K.. 03631 00717 01516 00271 01117 02635 009S8 05266 06254 —062 


It will be seen from the table that the total concentration of dissoh cd 
substance is not the factor which determines when deviation begins. Nor 
is it the total amount of either salt, for when lithium formate is alone 
present the concentration of the first solution which shows decided devia¬ 
tion is 0.2596; in the mixtures, however, a solution containing only o 224 
moles (i. e., 0.0632 moles of undissociated and o 1609 moles of dissociated 
lithium salt) of lithium formate is already deviating. On the other hand, 
a solution containing in a mixture almost the same amount of this salt, 
namely 0.223 moles per liter (1. c., o 0596 moles of undissociated and 
0.1635 moles of dissociated lithium salt) does not deviate. If now the 
various data given in Table VII are examined in this way it will l>e seen 
that of all the various factors included, only the concentration of the un- 
dissodated lithium formate shows any' parallelism with the deviations of 
the concentrated solutions. Thus, it seems that no matter whether there 
is potassium formate present or not, no matter what the total number of 
molecules or of ions, no matter what the number of the 3 kinds of ions pres - 
ent, deviation from the mass law occurs when the wider concentration 
of the undissociated lithium formate is above o 062. 1 We may therefore 
tentatively conclude that in the more concentrated solutions the devia¬ 
tion is essentially due to a deviation from the mass law in the behavior 
of the undissociated molecules, or at least due to some factor which is 
proportional to the concentration of the undissociated molecules.’ 

Solutions Containing Either One Uni-univalent and One Uni-bivalent 
or Two Uni-bivalent Formates. 

In an earlier paper of this series,’ the peculiar behavior of the for¬ 
mates of the alkaline earth metals was pointed out. These salts, although 
they are uni-bivalent, appear to be judged by the conductivities of their 

1 Any deviation less than o 1% is considered due to experimental error 

* It should be rioted that 111 Lhe concentrated solutions the conductivity, and there¬ 
fore the degree of ionization, are smaller than demanded by the mass laws. 

* Schlcsittger and Mullinix, Lac , cit . 
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solutions, to obey the mass law as derived for uni-univalent salts 
within a range of concentration from about 0.1 to o. 35 equivalent. Above 
the upper limit named they behave in the manner characteristic of the 
behavior of the alkali metal formates; 1 below the lower limit, however, 
there is a deviation which corresponds to a greater ionization than is to 
be expected from the law obeyed in the middle range of concentration. 
It was pointed out that the behavior of these salts might be taken to in¬ 
dicate that they ionize in moderate concentrations into two ions only— 
i. e., into formate and an alkali metal formate ion -and that only in quite 
dilute solutions does ionization into the simple ions take place. There 
were, however, reasons for doubting the correctness of this conclusion, 
and it was therefore also suggested that the apparent agreement with the 
law for uni-univalent salts in the moderate concentrations might be due 
to a cancellation of two deviations in opposite directions—namely the 
deviation noted in concentrated and that noted in dilute solutions. In 
order to gain further light on this question the behavior of mixtures con¬ 
taining these salts was studied. 

In calculating the conductivities which would be exhibited by mix¬ 
tures, for example, of potassium and strontium formates from the con¬ 
stants given in this paper and the preceding one of this series a number 
of points must be borne in mind. Let Uj assume, first, that both salts 
ionize into two ions only. In this case tha ionization constant for the 
strontium salt given by Schlesinger and Mullinix 1 cannot be directly 
used in the equations developed above for the calculation of the value 
of the conductivities of the mixed solutions from the ionization constants, 
since in calculating the constant for strontium formate the concentra¬ 
tions were expressed in gram equivalents per liter. I'or use in the mass 
law the concentrations should Ire in moles. By following out the line of 
reasoning employed in deriving the equations lor the mixtures containing 
only uni-univalent salts in the case now under consideration, it can be 
shown that the same equations can be used, if instead of using the con¬ 
stant given by Schlesinger and Mullinix wc divide this constant by two 
and express the concentrations of the strontium salt in terms of gram 
equivalents. It is possible, however, to make another assumption with 
regard to the mode of ionization of the strontium salt, namely, that it 
breaks up into strontium ion and two formate ions but that it neverthe¬ 
less follows the equation of the mass law which is applicable when there 
are only two ions formed. The calculation of the conductivities of the 
mixtures of potassium and strontium formates on this assumption can 
Ire shown to be exactly like the calculations made for tine mixtures con¬ 
taining only alkali metal formates, provided the ionization constant for 

1 See the second paper of the scries, t-nc, til . 

1 Lac. tit. 
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the strontium salt as given by Schlesinger and Mullinix is used and the 
concentrations are again expressed in gram equivalents per liter. In 
order to make the calculations on each of these assumptions, two sets of 
values for ai had to be calculated and two plots had to be made. The 
values calculated for the first assumption are called ^ in Table IV 
and those for the second assumption, a, Sr • The comparison of the 
calculated value for the conductivity of the mixtures with the value 
found by experiment is made in Tables Villa and VIII/). Table Villa 
contains the data for the calculation on the basis of the first assumption 
and VUIfc those for the calculation on the second assumption. Inspec¬ 
tion of the tables shows that neither of the calculated values agrees at 
all with the conductivities found. In order to make sure that this re¬ 
sult is not due to an error in the value of the constant for the strontium 
formate or to some other cause peculiar to the strontium salt, the con- 
ductivites of a few mixtures of potassium formate and calcium formate 
were measured, but as the results were exactly similar to those with the 
strontium salts the\ luxe not been included. In Table IX data and cal¬ 
culations for mixtures of calcium and strontium formates are giten. It 
can be shown that the method of calculation to be used for this ease is 
the same as that used for mixtures of uni-univalent salts on either of the 

Table VIII—Tkl Comactimty oi Sou tions or Mum ms of Strontium and 
Potassum Form \ri;s in Asiiydroi Formic Vem at 25 r 
Table Villa 


Cs 

Cl 

c, 

c*l 

«1 

X cult 0 

X found 

%der. 

0 09103 

0 <y»>6s 

I) 06536 

0 751 

O 927 

0 OO6973 

O 007043 

t .0 

0 1042 

0 07530 

') 07431 

0 728 

O 919 

O fK.17818 

O OO7939 

1 5 

O 1172 

0 12,24 

0 06969 

0 706 

0 9» 1 

O OO9278 

O OO9413 

t 5 

0 1225 

0 09025 

0 0S777 

0 698 

0 908 

O OG9062 

O OO914O 

0 9 

0 1339 

0 2526 

0 03843 

0 f>8i 

0 900 

O 01213 

O 01229 

1 3 

0 1554 

.0 06337 

Cl 1322 

0 651 

0 888 

O OKJ42 

O OIO57 

1 5 

0 1553 

0 1580 

O 09763 

0 650 

0 888 

O OllBo 

O 01200 

1 7 

0.1604 

0 1162 

0 1181 

0 644 

0 885 

O OI145 

O OI166 

I 8 

0 2348 

0 1947 

0 1699 

0 564 

0 846 

O OlGli 

O 01652 

2 4 




Table 

XlUb 




O 1248 

0 06565 

0 06536 

0 820 

0 906 

O O07154 

O OO7O43 

l 3 

0 1417 

0 07^0 

0 07433 

0 802 

0 896 

O 008013 

O OO7939 

O 9 

O 1674 

0 09025 

0 08777 

0 777 

0 881 

0 009305 

0 <x>9i4o 

I 8 

0 1771 

0 1224 

0 06969 

0 768 

0 875 

0 009538 

0 009413 

1 3 

O 1875 

0 06337 

0 1322 

0 759 

0 870 

0 01065 

0 01057 

0 7 

O 1179 

0 1162 

0 1181 

0 734 

0 854 

0 01178 

0 01166 

I 1 

0.2325 

0 1580 

0 09763 

0 723 

0 847 

0 01217 

0 01200 

1 4 

O 2521 

0 2526 

0 03843 

0 709 

0 83R 

0 01234 

0 01229 

0 6 

0.3296 

0 1947 

0 1699 

0 661 

0 805 

0 01673 

0 01652 

1 3 


* The values of the equivalent conductivity and infinite dilution used m obtaining 
these values of Xcaic are fifi 02 and 36 72 for the [lotassium and the strontium 
formate, respectively 
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two assumptions made above and that the concentrations may for either 
case be expressed in equivalents, as was done in the original paper of 
Sehlesinger and Mullinix, and that the values of the constants given by 
them are to be employed. The “second” salt of the mixture, that of 
higher degree of ionization, is in this case strontium formate and the 
subscript i therefore refers to the calcium and the subscript 2 to the 
strontium salt. The calculated values again fail to agree with the experi¬ 
mental ones. It is clear that neither of the assumptions made above 
represents correctly the behavior of these salts. It is likely, therefore, 
that both modes of ionization occur—t. <?., into intermediate ions and into 
the simple ions, but this point is not yet considered established . 1 


TAfire IX — The Conductivity op Solutions op Mixtures of Calcium and 
Strontium Formates in Anhydrous Formic Acid at 25'. 


No 


C s 

Cl 

c» 

at 

m. 

X calc 0 

X fouacL 

% dev 

10 

O 

1343 

0 06482 

0 07183 

0 793 

0 823 

O 

OO6177 

0 006139 

O 61 

8 

0 

1727 

0 08953 

0 08701 

O 756 

0 790 

O 

007618 

0 007569 

O 64 

9 

0 

1905 

0 09815 

0 096S5 

O 741 

0 776 

O 

OO826I 

0 008224 

O 44 

3 

0 

2143 

0 1254 

0 09512 

0 722 

0 759 

O 

009071 

0 009042 

0 32 

7 

0 

2258 

0 1176 

0 1141 

0 713 

0 75 2 

O 

009470 

0 009433 

O 39 

2. 

. 0 

2802 

0 1494 

0 1394 

0 677 

0 718 

O 

01124 

0 01119 

0 49 

6 

0 

2821 

0 1485 

0 1421 

0 676 

0 717 

O 

OJIJO 

0 01125 

0.43 

I 

0 

2892 

0 1792 

0 1204 

0 672 

O 7'3 

O 

OII49 

0 01144 

O 44 

5 



0 1617 

0 1617 

0 658 

0 700 

O 

01227 

0 01222 

O 41 

4 

0 

3299 

0 1874 

0 '579 

0 649 

O 692 

O 

01274 

0 0126)9 

O 42 

11 

0 

344 " 

0 1812 

0 1745 

0 <142 

O 685 

O 01317 

0 01308 

O.71 

12 . 

0 

37 M 

0 1950 

0 1893 

0 628 

O 673 

O 

OHQ 5 

0 013R6 

O 64 


* The value used for the equivalent conductivity of calcium formate at infinite 
dilution is 54 94. For strontium formate that given lor Table IX was used 


Summary. 

1. A method of calculating from the ionization constants the degree of 
ionization of each of two salts containing a common ion, when the two 
salts are both present in solution, has been developed for the case in which 
both salts obey the mass law. 

2. It has been found that in solutions of mixtures of sodium and potas¬ 
sium formates, as well as of lithium and potassium formates, the mass 
law is obeyed by both of the highly ionized salts present. On the other 
hand, solutions of mixtures containing as one, or as both of the salts, 
alkaline earth formates do not conform to the law, although these uni- 
bivalent salts when in solution alone seem to follow the law over a cer¬ 
tain range of concentration. This seems to make tt quite certain that when¬ 
ever the agreement 0/ the salt with the law is merely an accidental one, solu¬ 
tions oj mixtures containing such a salt will not obey this law. Hence we 
may conclude quite definitely that the agreement between the behavior of the 

* Further evidence is presented in the seventh paper of this series, which follows. 
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alkaline metal formates, in anhydrous formic acid solutions, and the demands 
of the mass law is a real, and not an accidental one. 

3. As is to be expected, when the total concentration of mixed solu¬ 
tions becomes relatively great, deviation from the mass law occurs also 
in the solutions which contain only uni-univalent formates. It has been 
found that this deviation seems to begin when the concentration of the 
undissociated molecules of one of the salts reaches the same value as that 
at which deviation begins in the solution of that salt by itself. This seems 
to be independent of the concentration of the other molecular species 
present and to indicate that in the concentrated solutions it is the un¬ 
dissociated molecules and not the ions which cause deviation from the 
mas s law or at least that the undissociated molecules cause deviation at 
lower concentrations than do the ions. 1 

Chicago, Iu.. 


[Contribution from the Kent Chemical Laboratory of the University of 

Chicago ] 

STUDIES IN CONDUCTIVITY. VII. TRANSFERENCE NUMBERS 
OF THE FORMATES OF SODIUM, POTASSIUM AND 
CALCIUM IN ANHYDROUS FORMIC ACID. 

By H I vSchlksinger and K N Bunting * 

Received JuJy 28, 1919. 

The work of the preceding papers of this series, 3 particulary that of 
the sixth one, lias proved that the agreement in the behavior of the for¬ 
mates of the alkali metals, when dissolved in formic acid, with the de¬ 
mands of the mass law is a real and not an accidental one so far as it is 
possible to establish this conclusion by the use of conductivity data alone. 
The only weakness in the argument lies in the fact that from the conduc¬ 
tivity data two constants must be calculated for each salt—the ioniza¬ 
tion constant and the conductivity at infinite dilution, the latter of which 
must be obtained by extrapolation. If, however, we assume that the con¬ 
ductivity at infinite dilution obtained in this way for one of the salts is 
correct, we can calculate from this value and the transference numbers 
of this and the other salts the conductivity at infinite dilution for those 

1 It must tie retailed that the deviation herein referred to is of a different type 
from that commonly known in moderately dilute aqueous solutions of strong electrolytes 
(see the second paper of the scries) in which the undissociated molecules are likewise 
frequently believed to be the deviating species. 

* The work herein reported has been presented to the Faculty of the Ogden Grad¬ 
uate School of Science of the University of Chicago by E. N. Bunting in partial fulfill¬ 
ment of the requirements for the degree of Doctor of Philosophy. The work was com¬ 
pleted in the summer of 1018 

* Schlesinger and collaborators, This Journal, 33, 1934 (1911); 36, 1589 (1914); 
38, 371 (1916),41, 72, 1727, 1921 (1919). 
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salts without the use of conductivity data or extrapolation. By carrying 
out measurements of transference numbers we have in the work reported 
in this paper finally confirmed the conclusion mentioned above. 1 We 
have included also measurements of the transference number of calcium 
formate in order to gain further information concerning the alkaline earth 
formates which, as has been shown in the fourth paper of the series, dis¬ 
play an anomolous behavior. In addition to establishing the points 
mentioned above, this work has resulted in data which it is hoped will 
be of aid in shedding light on the problem of the solvation of ions. 

The analysis of formic acid solutions of the alkali metal formates by 
the usual methods with the degree of accuracy required for even fairly 
reliable measurements of transport numbers, presents difficulties which 
it seemed unlikely that wc would overcome readily. It was therefore 
decided that the most convenient and most accurate method would be 
found in measurement of the conductivity of the solutions before and 
after the electrolysis. Before carrying this plan into effect it was neces¬ 
sary, however, to make sure that no products are formed at the electrodes 
during electrolysis which might influence the conductivity. Solutions 
of the 3 salts for which transport numbers were to be determined were 
therefore separately electrolyzed between platinum electrodes, the quan¬ 
tity of current used was measured by a silver coulometer and the gaseous 
products were analyzed. The hydrogen given off at the cathode was 
found to correspond to a 1 oo[ [ yield according to the electrolytic equa¬ 
tion 

zNa + +20+ 2IICOOH —■> aHCOON'a + II 2 . 

At the anode the amount of carbon dioxide given off was found tu corre¬ 
spond to 97 % of that calculated on the basis of the equation 
2COOH- + 2© —► CO, + HCOOH. 

Carbon dioxide is extremely soluble in formic add and, while the elec¬ 
trolysis was run for a considerable length of time before beginning the 
measurements in order to saturate the solution, it is possible that some 
carbon dioxide was lost on this account. It is more likely, however, that 
some carbon monoxide and some oxygen may have been formed at the 
anode by secondary reactions as has been reported by Hopfgartner. 3 
It is therefore clear that at the cathode no new ions or other products 
"hieh might affect the conductivity are formed. At the anode the pro¬ 
duction of carbon monoxide is in all likelihood accompanied by the forma¬ 
tion of water according to the equation 

! It was our intention to compare the transference numbers obtained by the Hittorf 
, ™ btod with those obtained from concentration cells, but the latter part of this pro- 
Krnin was interrupted by duties arising out of the war. 

3 Mannish., 32, 523 (1911). No data on the current yields are given in this paper. 
'* ! 'w work, however, ntfldt it unnecessary to investigate the products further. 
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2COOH- + 2©-► CO + COj + HjO. 

The amount of water formed in tliis way is apparently too small to affect 
the results except perhaps in the most concentrated solutions. It was also 
feared that the great solubility of the carbon dioxide in the solutions 
might result in a change of the conductivity but experiments showed that 
neither the conductivity of the pure add nor that of the salt solutions 
was appredably affected by saturating with the dry gas. The con¬ 
ductivity method of analysis was several times diecked by gravimetric 
analysis of the solutions after electrolysis and the two methods gave the 
same results within the limit of analytical error. 

The transport cell employed, 1 of the usual W type with an inlet for fill¬ 
ing at the top of the middle bend, had a capatity of about 200 cc., the 
column of liquid was about 70 cm. in length; the electrodes were of 
platinum foil about 3 sq. cm. in area, and the current used was 0.03-0.05 
amperes. It could be run from 4 to 5 hours without appreciably changing 
the middle portion. The ordinary form of coulometer, consisting of a 
platinum dish, 15'.,' silver nitrate solution and a silver disk anode WTapped 
in filter paper, was used; this form has been shown to be accurate within 
0.05%. 

The method of making a transference run was as follow's: The apparatus 
containing about 200 cc. of a solution of known concentration was im¬ 
mersed in a thermostat at 25.00° * 0.01 0 and the current was passed 
through the solution for 4 to 5 hours, depending on the concentration. 
The conductivity of the solution was measured before any of it was sub¬ 
jected to electrolysis and also at the end of the run. For this latter pur¬ 
pose 15 cc. was removed from the mid-portion through the opening in 
the apparatus provided for this purpose. In general the conductivity 
of the mid-portion remained unchanged or changed by less than o. 1%; 
runs in which the difference was greater w'ere rejected and are not included 
in the tables given below. At the close of the run, 50 cc. was withdrawn 
from both the cathode and the anode portion by means of a pipet and 
transferred to two glass stoppered bottles in which the contents of each 
could be thoroughly mixed by shaking. After tliis the conductivity of 
each solution was measured. As a result of the withdrawal of solution 
from the ends of the columns, the latter had of course separated in the 
middle and had become divided into two parts, which may be called the 
1 The first cell made had electrodes of platinum deposited on the glass at various 
^points within the cell in order that the conductivity of the solutions might be mea¬ 
sured at various distances from the electrodes without removing the solution from the 
cell. While these electrodes were very small, local electrolysis nevertheless occurred 
and tire resulting evolution of gas stirred up the solution. On this account and because 
the method of pipetting out a portion of the liquid proved satisfactory the scheme was 
abandoned. We now believe, however, that this plan can be carried out and that it 
would lead to accurate results, if successful. 
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sub-anode and the sub-cathode portions; these portions were run into 
bottles, and weighed, and their conductivities measured after each was 
thoroughly shaken.' After the removal of these various portions of solu¬ 
tion from the cell, the latter was weighed in order to determine how much 
of the solution remained. This quantity of solution, usually from 0.3 
to 0.4 cc., was assumed to be equally divided between anode and cathode 
portion and was added to the two portions in this way in the calculations. 
It was shown by experiment and by calculation that the amount of liquid 
lost during electrolysis by volatilization and spraying of the solution at 
the electrodes was small enough to be negligible. 

As has been pointed out, the conductivity was used to determined the 
concentrations of the various portions of the solution after electrolysis. 
For this purpose equations based on the data of Schlesinger and Reed 1 
and of Schlesinger and Mullinix 5 were used. For the sodium formate 
solutions the equation is: 

i/X = 0.01510 + o 28i5x,* 
for the potassium formate 

i/X = 0.01451 -j- o. 1936*, 
and for calcium formate, 

i/X = 0.018185 + 0.7818X, 

where X is the equivalent conductivity, xi the specific conductivity in 
reciprocal ohms corrected for the conductivity of the solvent. The first 
constant is i/X 0 , t. the reciprocal of the conductivity at infinite dilu¬ 
tion as determined by the method described in the earlier papers of this 
series; and the second constant is equal to the fraction 1000 A'X- 0) in which 
K is the ionization constant. From the value of X obtained by the use 
of these equations and our experimental data the concentration in equiva¬ 
lents was directly calculated. The specific conductivities were measured 
in the cells and by the methods described in the fifth paper of this series. 
The densities of the solutions which were needed for the calculations could 
be found from the concentrations by means of equations of the type: 

D = A + BC, 

■>i which A and B are constants, D is the density of the solutions and C 
the concentration. The values for B for sodium, potassium and calcium 
firmate solutions, respectively, are 0.036, 0.041 and 0.038 at 25° and 

1 In a number of experiments no liquid was withdrawn by pipet from the anode 

cathode portions, hut the whole of each was collected in bottles, as were the por- 
hoiis described as sub-anode and sub-cathode portions above. 

' Tms Journal, 33, 6445 (ipn). 

* See the fourth paper of this series, Lx Hi. 

' Equations of this type represent a form of the Ostwald dilution law. See the 
w-Loud paper of this series. 
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the constant /I is the density of the pure add, 1.2142. The values of 
these constants were determined by a series of density determinations 
and reproduce the densities of the solutions within o 05%, which is ample 
for the present purpose. 

In order to avoid the necessity of tabulating all of the data required 
for the calculations and thus making the tables unduly long, the method 
of calculating the transference numbers will be illustrated in the following: 

In one of the runs 011 potassium formate the conductiv lty of the original solution, 
corrected for the conductivity of the solvent was 0011871 reciprocal ohm, the con 
duetivity of the mid-portion at the close of the run was the same 1 he conductivities 
of the cathode and sub-cathode portions were, respectively, 0013614 and 0012642, 
whence the concentrations of the original solution of the cathode and of the sub-cathode 
portions are calculated to be, respectively, o 19053, o 2 ?343 and o 21439, the correspond¬ 
ing densities are 1 22238, 1 22377 and 1 222110 The y nliiiiu. of the cathode jiortion was 
50 cc . from the concentration and density just given we find that it contained 60 207 
g of formic acid and 0011672 gram equivalents of potassium formaU' The weight 
of the sub-cathode portion was 31 370 g From the concentration arid density of this 
portion we find that it contained 30 007 g of the acid and o 005400 gram equivalents 
of the salt The total weight of the solvent in the eathodi portion was therefore 91 114 
g and the total weight of the salt was 0017171 gram equivalents As a result of elee 
trolysis, however, some of the acid in the cathode portion is decomposvd In the run 
under discussion 0007832 Faraday was passed through the solution From the equ.i 
tion 2K * 4- 2HCOOH + 2© = 2HCOOK. + 11 3 vve calculated the amount of acid dr 
composed to tie o 007832 X 4601 = 0360 gram The ongiiul weight of the solvent 
in the cathode portion ivas therefore 91 473 g From the concentration and the densit) 
of the original solution we find that this weight of solvent had contained 0015140 
gram equivalents of the salt Ik- fore electrolysis The amount of )>otassmin transferred 
was then 0017171—o015140 or o 002031 equivalents This numlicr divided by tin 
number of Faradays which caused the transference is the transference number of the 
potassium ion The number of Faradays is equal to the nuinlier of equivalents of 
silver, G, deposited m the couloiucter if a correction for the current carried bv 
the solvent is made. This is done by multiplying the quantity G by a fraction 
obtained by dividing the conductivity of the solution corrected in the usual way 
for the conductivity of the solvent by the uncorrected conductivity of tlie sola 
tion. The transference number can of course also be calculated from the loss of 
potassium at the anode The calculation is like that described except for one point 
At the anode, as a result of the reaction 2COOH ~ -f 2© HCOOH + COj, '/»equiw 
lent of formic acid is produced per Faraday of electricity The amount of acid cal 
culated from this equation must therefore be- subtracted from the weight of the sob ml 
contained in the anode portion at the close of the run Since the reaction at the anti'k 
does not proceed quite quantitatively according to the equation given, as has M" 1 
shown above, the results at the cathode may be more reliable, but the data on sodi.i" 1 
formate show that in moderately concentrated solutions the effect is negligible 1 us 
of the determinations was subjected to 3 tests to check its reliability, first, the closeiu*’ 
of agreement between the results obtained at the anode and those at the cathode, 
second, the constancy of the conductivity of tlie mid-portion; third, the sum of > ll< ' 
amounts of salt contained in all of the portions analyzed at the close of electrolyse 
had to be within 0.1% of the total amount of salt originally put into the apparatus 
Runs which did not satisfy these requirements are, with but one or two exceptions, n° l 
Included in the tables. 
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Tables I, II and III, wliieh contain the data for the experiments on the 
transference numbers of sodium, potassium and calcium formates, re¬ 
spectively, are arranged as follows: Under C is the original concentra¬ 
tion in gram equivalents per liter; under W, the weight in g. of the solvent 
in the cathode and in the anode portions, respectively, corrected as de¬ 
scribed above; under M, the gram equivalents of salt contained in W g. 
of the solvent in the cathode and in the anode portions ; under E, the num¬ 
ber of equivalents of positive ion constituent transferred to the cathode 
and from the anode, respectively; under N, the number of equivalents 
of electricity passed through the solution, corrected for the conductivity 
of the solvent; under T, the transference number of the positive ion cal¬ 
culated from the change at the cathode and from that at the anode; 
under T at , the average of the values given under T for each experiment; 
under T c , the average of all of the transference numbers obtained for any 
one concentration. It will be noted that the data for the anode portion 
are given in the row just below that on which the corresponding concen¬ 
tration is placed and that the data for the cathode are placed on the row 
above. The data under T c have been obtained by weighing the results 
at each concentration in proportion as they appear to meet the require¬ 
ments mentioned in the preceding paragraph. T t has been omitted in 
the case of sodium formate because for this salt all of the data refer to 
practically the same concentration. 

Table 1 -Transference Data for NaOC HO in (Anhydrous) Formic Aero. 


c. 


W. 

AT. 

E. 

•V. 

T 



cathode 

129395 

O 028212 

O OOI462 


O 221 


0.2494 

anode 

135-224 

O 026525 

O OO143O 

0 00O601 

O 219 

0 220 


cathode 

128.549 

O 028211 

O 001593 


O 

C4 

H 

0 


0 2498 

anode 

129. <>51 

O 035266 

O 001590 

0 007232 

O 220 

0 220 


cathode 

122.883 

0.027217 

O OO1741 


0.220 


0 2J01 

anode 

131 019 

O.035426 

O.OO1737 

0 007909 

0,220 

O 220 


cathode 

ti 9 443 

0.036803 

O 001698 


O 226 


<> 2536 

anode 

123 .087 

O 024266 

O OOl 6 T 5 

0 007522 

O 215 

O 220 


Mean o 220 

The data show that the method employed is capable of yielding ac¬ 
curate results under favorable conditions since the transference numbers 
for sodium formate show excellent agreement, not only for the different 
experiments but also when the results at the anode are compared with 
those at the cathode, most of them being practically identical with each 
other. It is dear, therefore, that the formation of a small amount of 
water at the anode can have but very little effect in nwvWnt* 
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Table II. — Transference Data for KOCHO 

m (Anhydrous) Formic Acid. 

c. 


W. 

M. 

J 5 . 

N. T. T„. T c , 


cathode 

108.973 

0.0099749 

0 0009975 

0 269 

0.09982 





0 003660 0 .268 


anode 

i°5 577 

0 1x177313 

0 0009787 

0 267 


cathode 

104 109 

0 0095S35 

0 0009955 

0 275 

0.09981 





0 003622 0 270 


anode 

108 794 

O.0080161 

0 0009584 

0 265 - 






0 269 


cathode 

91 475 

O OI7I7I 

0 00*031 

0 259 

0 1995 





0 1x17832 0 259 


anode 

116 600 

0 017274 

0 002024 

0 258 


cathode 

103 203 

0 019060 

0 001880 

0 260 

0 2007 





0 007230 0 256 


anode 

t04 810 

0 015632 

0 OOIS15 

0 251 






0 258 


cathode 

105 328 

0 028163 

0 001729 

0 247 

0.3015 





0 006992 


anode 

103 825 

0 024753 

0 001806 

0 258 


cathode 

no 224 

0 030078 

0 002202 

0 251 

0 3038 





0 008770 0 249 


anode 

114 S57 

0 026877 

O 002170 

0 247 


cathode 

108 667 

0 030790 

0 002295 

0 248 

0.3149 





O 009264 O 249 


anode 

113 194 

0 027374 

O 002309 

0 249 -- 






O.249 

0 3906“ 

anode 

103 886 

0 034063 

O 002797 

0 01166 0 240 


cathode 

107 958 

0 038163 

O 002719 

0 241 

0 3930 





0 or 127 0 244 


anode 

107 825 

0 032290 

0 002784 

0 247 --- 






0 244 

* An error was made in the cathode portion of this run 

Table 

III.— Transference Data for 

Ca(OCHO)i in (Anhydrous) Formic Acid. 

C. 


w. 


E 

N T. T a9 . T c 


cathode 

110.415 

0 024070 

O 001267 

0 208 

0.2494 





0 006096 0 21I 


anode 

109 435 

0 021291 

O 001309 

O 215 


cathode 

127 032 

0 028133 

O.OO1392 

0 219 

0.2541 





O 006352 0.215 


anode 

H4.1G8 

0 022690 

O 001344 

0.212 


cathode 

I 15 490 

0 025719 

O 001384 

O 217 

0-2544 





O 006370 O 214 


anode 

127 355 

0 025488 

O OOI347 

0 211 


cathode 

123 857 

0 027847 

0.001330 

O 212 

0.2585 





O 006266 0.216 


anode 

117.449 

0.023772 

O.0OI373 

0.219 — -- 






0.214 


cathode 

106.845 

0.037276 

O.OOI806 

0.191 

0.3995 





0.009246 0.189 


anode 

in .308 

0.035240 

0.0017 

0.188 -- -- 


0.189 
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tions. The data for potassium formate do not show quite as good an agree¬ 
ment when the results for any given concentration are compared with 
each other; this is doubtless due to the fact that the salt and its solutions 
in formic acid are extremely hygroscopic and that during the unavoidable 
manipulations involved more or less water is taken up. The moisture 
absorbed would increase the conductivity of the solutions and thus give 
too high a calculated concentration which would cause the transference 
number at the cathode to appear too high and at the anode too low; in 
agreement with this assumption we find that in almost all cases where the 
two values are not practically identical the cathode value is higher than 
the anode value, if we except the most concentrated solutions. While 
the data for potassium formate are therefore not quite as reliable as those 
for the sodium salt, they are nevertheless quite acceptable when it is con¬ 
sidered that the total amount of salt transferred is only from o 001 to 
0.003 gram equivalent and that therefore an error of <j.o$ r ' c in the de¬ 
terminations of the concentration might readily produce an error of from 
1 to over 4' t in the trans-ferenee numbers. 

If we compare the transference numbers obtained for potassium for¬ 
mate at different concentrations, it is seen that no experimental error of 
the type described can account for the large and regular change which 
occurs when the concentration is progressively increased. Potassium 
formate in (anhydrous) formic acid solutions appears to obey the law of 
mass action when the degree of ionization is calculated from the conduc¬ 
tivities of the solutions on the assumption that the equivalent conduc¬ 
tivity for complete ionization is independent of the concentration. 1 In 
view of this fact one would expect the transference numbers also to be 
independent of the concentration. The most rational explanation of 
this discrepancy is to assume that the llittorf transference number which 
we have here measured is not the true transference number because of 
solvation of the ions. The following calculations show that this assump¬ 
tion can account for the change in transference number observed. If 
we assume that only the potassium ion is solvated, it is clear that the 
amount of solvent found in the cathode portion is larger and that in the 
anode portion smaller than it would have been had none of the solvent 
been transferred. A correction may then be applied in the following 
manner. If n is the number of molecules of the solvent, formic acid, as¬ 
sociated with each molecule of potassium ion, x the “true" transference 
number, and N the number of Faradays passed through the solution, 
tile weight of formic add in g. carried to the cathode is 46,.r.«.A f . If W 
is the corrected weight of solvent in the cathode portions, / the number 
of equivalents of potassium formate contained in one gram of the solvent 
1 See the earlier papers of the series, Lac. cit. 
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in the original solution and £ the number of equivalents of the salt con¬ 
tained in W g. of the solvent in the cathode portions, we have 

_ £ — (IT — U6.x.n.N))f 
X N 

which can readily be solved for x if n, the number of molecules of the sol¬ 
vent associated with each molecule of potassium ion, is known. A simi¬ 
lar calculation can be made for the anode portions. In Table IV, the re¬ 
sults of such calculations with several values of n are reproduced. It 
will be seen that the assumption that the potassium ion is solvated is suffi¬ 
cient to account for the fact that the Hittorf transference numbers change 
with the concentration as they do, since the “true" transference numbers 
calculated in this way are as nearly constant as they can be expected to 
be when the various sources of experimental error are considered. The 
data are not accurate enough to determine accurately the number of 
molecules of solvent associated with the potassium ion since the calcula¬ 
tions with different values of n do not show any great difference in con¬ 
stancy. It is dear, however, if this method of calculation is correct, 
that the value of n probably is not less than 6 nor greater than 8, a con- 
dusion which is to be subjected to further test and which is of interest 
in view of Werner’s theory of complexes and of the process of ionization. 1 
In Table IV, the first column contains the approximate value of the con¬ 
centrations, Col. 2 the transference number when « is zero--in other 
words, the Hittorf number—which is induded for comparison and the 
remaining columns give the transference number, x, as defined above, 
when the value for n is respectively taken to be 5, 6 , 7, 8 and 9. At the 
bottom of each column will be found tile difference in per cent, between 
the extreme values of the transference numbers in the column. 


Table IV. 

Transference Numbers. 


c. 

B - 0 . 

B » 5. 

B * 6. 

n «• 7. 

n • fl 

* - 9 

0.10 

0.269 

O 273 

0 274 

O 275 

O 277 

C 

ta 

ac 

0.20 

0.258 

O 269 

0 271 

O 27T 

0 276 

0.279 

0.31 

0 249 

O.264 

0 268 

0.271 

0.276 

0 279 

0.39 

0.244 

0.265 

0 268 

O 274 

O 279 

O 283 

Difference. 

■ 10 % 

3% 

2% 

■ s 7 < 

1 % 

I- 7/0 


We may now use the transference numbers of these two salts to calcu¬ 
late for one of them the conductivity at infinite dilution without the 
use of conductivity data for that salt. Thus, the conductivity at infinite 
dilation for the sodium salt obtained by extrapolation of the conductivity 
data, is 66.225.* The transference number, at 0.25 N, was found to be 

1 See also Kendall and Booge, This Journal, 39, 2323 (1917). 

* See the sixth paper of this series, Lee. cit. 



TRANSFERENCE NUMBERS OF FORMATES. 


1943 


o. 2zo. 1 By the usual method of calculation we derive 14.6 for the equiva¬ 
lent conductance of the sodium ion and 5 1. 6 for that of the formate ion. 
From the latter and the transference number of potassium formate at 
0.25 N , l we obtain 17.5 for the equivalent conductance of the potassium 
ion. Since the corresponding value for the formate ion is, as just stated, 
51.6, the equivalent conductance of the potassium formate at infinite 
dilution should be the sum of these two, namely, 69.1, which proves 
to be practically identical with the value 68.92 derived in our previous 
work by extrapolation from conductivity data. We have therefore 
shown that the calculation of both the conductivity at infinite dilution 
and the ionization constant from the conductivity data alone introduced 
no error into our conclusion that there is a real agreement between the be¬ 
havior of the alkali metal formates and the demands of the mass law 
and this chapter of our work on formic acid as a solvent is therefore con¬ 
sidered complete. 

One other point of interest appears from the data presented. It is 
seen that the equivalent conductance of the formate ion is very much 
greater than that of the positive ions combined with it in the salt mole¬ 
cules. This is like the behavior of the hydroxide ion in aqueous solu¬ 
tions to which the formation in formic acid solutions is analogous. The 
same explanation as the one usually given for the great mobility of the 
hydrogen and hydroxide ions in aqueous solutions may be applied to the 
great relative mobility of the formate ion in our solutions. On the other 
hand, since some evidence has been presented which tends to show that 
the positive ions are apparently much more extensively solvated than 
is the formate ion, we may ascribe to this difference the difference in the 
mobilities of the ions. 

The transport experiments on solutions of calcium formate were in¬ 
cluded in order to throw further light on the questions raised by the 
anomalous behavior of the alkaline earth formates which, in formic add 
solutions, obey the law of mass action as developed for uni-univalent 
salts in moderately concentrated solutions but not in dilute solutions.* 
This behavior suggests the possibility that in the range of concentration 
for which this law is applicable, ionization into an intermediate ion, «. g., 
' CaOCHO + , exdusively takes place. This question can be answered by 

1 The true transference numbers obtained as described above ought perhaps to be 
used for these calculations. The results if this is done do not differ materially from those 
given in the text and since the value of the “true transference numbers" as well as the 
theory upon which they were calculated need further verification, it has been thought 
best to proceed as has been done in the text. 

* This value is obtained by graphical interpolation from the data of Table II, 
since no data are available for this concentration. The interpolation is over a very- 
short interval. 

* Schlesinger and Mullinix, This Ioo»wa» j> •• '*—' 
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the transference data. It can be shown, if V represents the speed of 
diffusion of the formate ion in centimeters per second under a potential 
gradient of one volt per cm., X 0 represents the equivalent conductivity 
calculated on the assumption that the equivalent weight of calcium formate 
is Vs its molecular weight, Mi is the transference number of the formate 
ion if the salt dissociates into formate ion and CaOCHO 4- and th the 
transference number if the salt dissociates into formate and calcium ions, 
that the two following equations are correct provided either the one or 
the other mode of ionization occurs exclusively: 

2X 0 = - (1), and X 0 = — (2) 

«i Mj 

Equation 1 applies to ionization into the intermediate ion and Equation 2 
to ionization into the simple ions. If dissociation into the intermediate 
ion occurs, the change in concentration of formate ion constituent at the 
anode is due (a) to formate ion discharged at the electrode, ( b ) to formate 
ion carried into the anode portion, and (c) to calcium formate ion carried 
from the anode portion. If S 0 represents the number of gram equivalents 
of calcium formate contained in the anode portion before electrolysis, 
and S f the number of gram equivalents of the salt in this portion after 
electrolysis and N is the number of equivalents of electricity passed, 

2So — N + Nn , - (I — M,)iV = 2 S, or Ml = N ~ —■ 

If, on the other hand, ionization occurs only into the simple ions, the change 
in the concentration of the formate ion constituent is due only to the formate 
ion discharged at the anode and the formate ion carried into the anode 
portion by transference. Hence, 

C XT I XT C N - 2(50—5/) 

25 c — N + njv = 25 / or n t = -^-—. 

In Table III, the data under T and T op represent the fraction ( 5 0 — Sf)/N. 
Hence Mi and become respectively equal to 1 — T and 1 — 2T. Hence, 
if ionization into the intermediate ion is the exclusive mode of ionization 
of the salt, 2X0 =FV/(i — T). FV, the equivalent conductance of the 
formate ion, has been obtained from the work with sodium and potassium 
and at o. 25 N has been found to be 51.5 reciprocal ohms. Taking for T, 
the average value 0.214, 2X0 from the equation just given is calculated 
to be 65. Actually, X 0 was found by Schlesinger and Mullinix to be 55. 
Hence the transference data do not support the view that calcium formate 
dissociates exclusively as a uni-univalent salt. On the other hand, if 
the salt is assumed to ionize exclusively into the simple ions we would 
have the equation X® = FVj(i — 2T). Calculated as before, we get 
90 for the value of X 0 . This agrees just as little with the experimentally 
determined value, 55. Hence the transference data do not decide the 
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question raised, unless we assume that they may be taken to indicate 
that both modes of dissociation occur—a conclusion already tentatively 
suggested in the discussion of the work of Schlesinger and Mullinix re¬ 
ferred to above. 1 

Summary. 

i. The transference numbers of solutions of sodium, potassium and 
calcium formates in (anhydrous) formic acid have been measured. From 
the data for the first two salts the equivalent conductance of the formate 
ion has been calculated and has been found to be 51 5. whereas the corre¬ 
sponding value for the sodium ion is only 146 and for the potassium ion 
17.5 reciprocal ohms. Tile significance of these data has been discussed. 

2 The transference number of the potassium ion was found to change 
with the concentration. This is tentatively explained on the assump¬ 
tion that the ion is solvated and a method for calculating the extent of 
solvation from the transference numbers is suggested The results so 
far available indicate that if the assumptions made in the calculations 
prove to be correct, each potassium ion is combined with from 6 to 8 
molecules of formic acid—a finding which is of special interest when 
viewed in the light of Werner’s theory of complex ions and of ionization 
in general. 

3 The transference numbers obtained for calcium formate do not 
substantiate the view that calcium formate in formic acid solutions ionizes 
either entirely as a um-univalent salt nor entirely as a uni-bivalent salt. 
It is therefore possible that both modes of ionization occur 

CatCAOO, I1.1.INOI3 

1 Two points arc to lie noted in connection with the calculations upon which these 
conclusions arc based In the first plact the concentration o 2,5 equivalent for calcium 
formate should really bs compared with the concentration o 125 A' for sodium or potas¬ 
sium formate when the assumption is made that the calcium salt yields onlv two 10ns. 
Or it would lie possible m order to avoid confusion to use the ‘ true transference num¬ 
bers" calculated for potassium formate Neither of these alternative methods of 
calculation produces enough change in the results to influence flic conclusions and they 
have therefore not been given 111 the text In the second place it must be borne in 
mind that the “experimental" value for the equivalent conductance of calcium formate 
at infinite dilution is a value obtained from the data for the conductivity of that salt 
in solutions more concentrated than o 1 equivalent and is based on the assumption that 
the salt obeys the mass law as derived for um-univalent salts to infinite dilution As 
aanatter of fact, the salt docs not obey this law below the concentration mentioned 
(see the fourth paper of the series), hence the value of the conductivity at infinite dilu¬ 
tion is a fictitious one which has a meaning only if the salt ionizes into two tons only 
in the range of concentration for which the mass law holds in the form mentioned. 
Nevertheless, the use of this fictitious value for the purpose for which it vs employed in 
the text is logical as can readily be understood 
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THE VOLATILITY WITH STEAM OF LOWER FATTY ACIDS 
IN DILUTE AQUEOUS SOLUTIONS. 

By lirx.AR J Witzlmann 
Received \ugusl 4 1919 

In some tests of the volatility of the lower a-hydroxy aliphatic acids 
in dilute aqueous solutions of formic, acetic, propionic or butyric acids, 
it was again observed 1 that the behavior of the fatty acids in this respect 
is contrary to the laws of simple mixtures. The 4 fatty acids in dilute 
aqueous solutions show an increasing volatility with increasing molecular 
weight. It is proposed here to give briefly a few experimental data and 
to indicate how these relationships, w hich are commonly stated to be ab¬ 
normal, are. to be expected on the basis of existing knowledge of the molec¬ 
ular state and hydration of these acids in aqueous solution 

The experiments were done as follows 2 g. of formic acid (by titra¬ 
tion) and the corresponding molecular amounts of the 3 other acids, were 
each made up to 200 cc with water. Five cc of the solutions were pipetted 
off and titrated with o 1 N sodium hydroxide solution in order to confirm 
the concentration of the solution. The remaining 195 cc was trans¬ 
ferred to a common distilling flask (500 cc.) and distilled off slowly in 20 
cc. fractions correct to within one drop. The receiver (a calibrated test- 
tube) was emptied and rinsed. The fractions were then titrated sepa¬ 
rately with o 1 N sodium hydroxide solution Typical data are given 
in the table. 

Table 1 


Relate e Volatility of Lower Fatty Auds (Cc 0 1 

1 A' NaUH.i 



Fraction 

Formic 

Acetic 

Rropiantt 

Butyric 


Cc 

Cc 

Cc 

Cc 

Cc 


5 

lo 80 

10 82 

IO 78 

IO 8l 

1 

20 

16 70 

29 31 

52 «7 

Hi 92 

2 

20 

>0 07 

to 8s 

52 10 

71 35 

3 ■ 

20 

20 36 

32 36 

50 JO 

62 98 

4 • 

20 

22 OS 

11 80 

47 9 X 

53 77 

3 

20 

24 4° 

35 6.1 

45 

44 62 

6 

20 

28 48 

.18 40 

43 00 

36 30 

7- 

20 

33 7 f > 

41 41 

39 

28 39 

8. .. 

20 

42 17 

46 70 

36 60 

20 34 

9 

20 

59 45 

56 00 

310.1 

13 3f< 

Residue 


155 8R 

79 05 

24 40 

6 58 

Total 


42 2 92 

423 57 

424 54 

419 61 

Calculated 


42 r 20 

421 98 

420 42 

421 59 

The above results are 

given graphically in 

Fig. 1. 




It appears clearly that there is a gradually increasing volatility of 
‘ Duclaux, Ann chim phvs , 2, 289 (1874), Ann. inst Pasteur, 9, 265 (1895); cf. 
also Upson, Mum and Schott, This Journal, 39, 731-42 (1917). 
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these 4 acids of the aliphatic series with increasing molecular weight, 
although the boiling points of the acids rise gradually from 101 ° for formic 
to 162° for butyric arid. Thus the first fractions contain 3.94% of the 
formic, 6 92% of the acetic, 12.4% of the propionic, and 19.5% of the 



Fraction No —► 

Fig 1 —Relative volatility of the lower fatty acids from boiling 
aqueous solutions 

butyric acid used, respectively. For the last fractions this order is re¬ 
versed as shown, and the acid remaining in the distilling flask is as fol¬ 
lows: formic acid 36 8 r v, acetic 18.6°^-, propionic 5. j ( ~}, butyric 1 4 %, 
respectively, of the acid taken. 

The interpretation of these data on the basis of existing knowledge may 
be briefly stated as follows 

(1) That along with their clearly demonstrated powers of molecular 
association 1 these 4 acids form hydrates with water. 

(2) The hydration, as well as the molecular association of these adds, 
varies in amount and stability.’ 

•Jones, Camrgtr Inst Pullutiiiens, 1915, 310. cf, summary and list of earlier 
publications at the end. Turner, "Molecular Association." Longmans, Green & Co. 

* Cf. Turner, Lee. (it for review, Roscoc, Ann. 125, 320 (1863); Peddle and 
Turner, J. Ckm. Sac , 89, 1439 (19071, Colies, l hid , 69, 1346 (1906b Jones, Lee. cit., 
P- 148. 
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(3) The hydrates of greatest stability appear to occur with formic add 
(cf. Roseoe, Colles) and this stability appears to diminish with increase 
in the molecular weight of the 4 fatty adds. It seems evident that this 
greater stability is due to affinities of the carboxyl group and that the 
diminishing stability is associated with the increasing hydrocarbon func¬ 
tion. 1 

(4) That the hydrates of these acids presumably have the power of 
lowering the partial vapor pressure of the add in dilute solutions was 
definitely established, at least for formic add, by Roscoe. 2 

(5) It is because of this capacity of the hydrates to lower the partial 
vapor pressure of the add that the volatility of these acids in dilute aqueous 
solution presents a reverse picture as compared with what would be ex¬ 
pected if the solutions were simple physical mixtures of the two ingredients. 
When the decreasing stability of the hydrates at the boiling point of the 
mixture is considered it appears that the behavior of these acids from 
the standpoint of simple mixtures tends to become less anomalous on 
passing from formic to butyric add. Accordingly, hydration phenomena 
probably have less influence on the volatilization of higher fatty adds 
(stearic add) with steam than oil those here discussed. 

(6) The behavior of dilute solutions of these acids on distillation ap¬ 
parently constitutes evidence of hydration of these compounds since it 
agrees with all the other data on this subject. 

Of the above statements (5) and (6) are perhaps novel. 

The Effect of Neutral Salts. 

From the existing data regarding the effects of salts on the hydration 
of another salt in the same solution 3 as well as from Kolossovsky’s 1 ob¬ 
servations of the influence of salts on the partition of acetic add between 
ether and water, the addition of a neutral salt, to such solutions as were 
used above should produce an increase in the volatility of the fatty add. 
This increase in volatility should be greater the greater the concentration 
of the salt used. That this is true is shown by the data represented in 
Fig. 2, which were obtained by the same method used above, except that • 
the acetic and formic adds used were wdghed. In a 0.5 M solution of mag¬ 
nesium chloride (III) the 15 cc. of residue remaining in the distilling flask 
contains no acetic add. In (II) this residue consumes 22.65 cc. of 0.1 N 
sodium hydroxide solution, and in (I) it requires 55.75 cc. 

1 This statement is also supported by Auwcr’s generalizations on the relation of 
Constitution of solvent and solute to the molecular weight of the latter (Z. physik. 
Chem., 15, 33 (1894); 18. 595 (1895); 3 °I 3*9 (1899); 42, 513, 542 (1903)) provided the 
reasonable assumption is made that the ethyl and propyl groups come first beyond 
the methyl group in this series. 

* hoc. oil. 

* Jones and Stine, Am. Chem. J., 39, 313 {190S). 

* Bull. Soc. chim. bdg., 2$, 183 (1911); Bull. $oc. chim., [4J 9, 632 (1911). 
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Fraction No —► 

Fir 2 —Effect of dissolved magnesium chloride on the volatility 
of acetic acid from boiling aqueous solutions 

[ I—H O 

2 o g. acetic acid in_2oo cc < II — o 1 M MgClj 
, III-05 M MgCl s . 


In Fig. 3 similar results lor formic acid are given. 



Fraction No 


Fig 3 —Effect of dissolved potassium and magnesium chlorides on the 
volatility of formic arid from boiling aqueous solution*, 
f I—HjO. 

2 g formic acid ! II—o t Af MgCI s . 
in 200 cc. j III—0,5 MKQ. 

I IV-0.25 Af MgCI ( . 
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That this increased volatility is not solely a function of the concentra¬ 
tion of the salt is suggested by the results for (II) and (III) in Fig. 3. 
For (III), in which the molecular salt concentration is 5 times greater 
than in (II), the increase in volatility over (I) averages less than for (II). 
This apparently indicates that 5 molecules of potassium chloride have a 
little less positive influence on the volatility of formic acid in this solution 
than one molecule of magnesium chloride. In experiments with acetic 
add, not described here, in a o 5 M potassium chloride solution, the vola¬ 
tility was just a little greater than in a o 1 M magnesium chloride solu¬ 
tion. 

These results are relatively just what would be expected from our 
knowledge of the hydration of these salts and thus give further confirma¬ 
tion to the interpretation of the volatility of these acids given above. 



Fraction No. —*~ 

Fig 4 —Influence of dissolved salts (0.25 M) on volatility 
' I—H,0. 

If—KC! 

Ill— (NaCI sol. 

IV — iBaCUaol. 
i V—SrCl, 

VI— CaClj. 

VII— MgCh. 

VIII— AIC 1 ,. 


2.0 g. formic acid 
in 200 cc 
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It was of interest to learn whether these relations could be extended in 
the manner suggested by the deductions of Poma and Albonieo 1 regard¬ 
ing the neutral salt effect on the hydrolysis of esters. If their deductions 
were applicable here equimolecular amounts of metallic salts such as 
chlorides, for instance, should produce an increasing volatility with the 
decreasing electro-affinity of the metallic ion of the added salt. Experi¬ 
ments with 0.25 M solution of the chlorides of potassium, sodium, barium, 
strontium, calcium, magnesium, aluminum, manganese, iron and copper 
were carried out. The volatility was, slightly and progressively, a little 
increased for each member of this scries over the preceding member up 
to and including aluminum, except in the case of strontium and calcium, 
for which the order given above should i>e reversed. The solutions of 
manganese, iron and copper chlorides showed anomalies and give in¬ 
creases in volatilities lower than aluminum chloride. 

Part of the results are given in graphic form in Fig. 4. The results for 
sodium and barium chlorides arc so nearly alike that the results for sodium 
chloride only were plotted (Curves III and IV) 

CtUCtO”, IlL 
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THE DEGREE OF IONIZATION OF VERY DILUTE ELECTRO¬ 
LYTES. 

By GimiirT N. I.nwis a\i> Gi.orm- A Lin-uart. 

Received rutust 16. 1919 

The ionic theory in its earlier days would have suffered greater crit¬ 
icism tlian it received if it had been generally known how great were the 
discrepancies between the actual behavior of electrolytes and that which 
was calculated so confidently from the various equations in common use. 
The failure of the mass law for strong electrolytes was recognized, but in 
the case of uni-univalent electrolytes, which were most commonly studied, 
this could be attributed to minor errors in the measurement of conduc¬ 
tivity or in Kohlrausch’s law of the constancy of ionic mobilities. How¬ 
ever, as quantitative data accumulated regarding electromotive force, 
freezing points, solubilities and the like, it became increasingly evident 
that the equations generally employed lead to errors which were never 
trivial and which in some cases became enormous. 

The equations in question were based in part upon a safe foundation 
of thermodynamics, but also in part upon two assumptions of doubtful 
validity. The first of these assumptions was that the concentration of 
the ions could be obtained from conductivity ratios. The second was 
the assumption that the ions and undissociated parts of an electrolyte 
1 AUiataiti. Linen, 24, i. 747/979. H, 43 (191 j). 
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follow the laws of the so-called ideal solutions. The discrepancies to 
which we have referred show that one at least of these assumptions 
must be incorrect. It was therefore proposed by Lewis to investigate, for 
each molecular species yielded by an electrolyte, that which might have 
been termed the effective thermodynamic concentration, and which he 
called activity. 1 This is a quantity which, at infinite dilution, may be 
taken as equal to the concentration, but which deviates from the latter 
when the solution ceases to behave as an ideal solution. With changing 
concentration the activity of any dissolved substance is related to the 
free energy by the equation, 

dF = RTdlna, (i) 

where F and a are respectively the free energy and the activity. 

The amount of experimental material for such a calculation was at 
first very meagre, but by summarizing all available information regarding 
uni-univalent electrolytes Lewis 2 was able to show that in all cases of 
moderately dilute solutions the ion activity is lower than the ion concen¬ 
tration as determined by the familiar conductivity method In other 
words, the ion activity divided by the total concentration of the elec¬ 
trolyte, which he called the corrected degTee of dissociation, is less than 
X/X 0 . Recent studies of the electromotive force of concentration cells 
and of the freezing points of salt solutions have added greatly to the 
material available for such calculations. In this paper wc will consider 
only the latter type of measurements and will describe a simple method 
of calculating the ion activities from freezing-point data. 

In the paper just mentioned an equation was developed which permits 
in the case of dilute solutions 3 the calculation of the free energy of dilu¬ 
tion from freezing-point data. This equation is 

r . v ah fde , , 

Jte = 55-5 -y-J —. (2) 

where F is the partial molal free energy of the solute; AH the molal heat 
of fusion of ice; T the temperature of fusion, 275.1°; c the number of 
mols of solute in 1000 g. or in 55.5 mols of water; and 6 is the lowering of 
the freezing point. This equation by graphical integration gives the free 
energy of dilution over any range of dilute solutions for which accurate 
freezing-point measurements are available. The method is, however, 
time consuming and does not lend itself to extrapolation to high dilutions 
where accurate experimental determinations are no longer possible. In 
order to obviate these difficulties we have sought a satisfactory empirical 
equation connecting c and 0. 

'Lewis, Proc Amcr . Acad., 43, 259 (1907) 

‘Lewis, This Journal, 34, 1C31 (1912). 

* The interpretation of freezing-point data in concentrated solutions presents a 
more complicated problem See Rodebush, This Journal, 40, 1204 (1918). 
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Before discussion the empirical equation we may combine Equations 
1 and 2, and End 

RTj'dltta = 55.5 (3) 

If the solute is ionized its activity is proportional to the product of the 
activities of the ions into which the molecule dissociates. Thus in the 
case of a binary electrolyte if a t is the activity of one ion and a1 of the 
other, then 

RTfdln (a,a 2 ) = 55.5 y?-fy (4) 

Now if we write r 1 = a ,Oj we may regard x as the activity of either 
ion as long as we assume the two to be identical, which in the case of 
uni-univalent electrolytes is probably justifiable up to a concentration of 
nearly 0.1 molal. More generally x is the mean activity of the ions 
(geometrical mean). Substituting in Equation 4, 

RTfdlnx * = iRTfdlxx = 55.5 ^(5) 


or 


f d Inx 


55-5 fdo 

2 RT* J < 


1 f 

2\J C ' 


(6) 


where X, which we have written in place of -——, is at once recognized 

55-5 

as the theoretical molal lowering, namely 1.858° per mol of solute in 
1000 g. of water. 1 

The treatment of a bi-bivalent salt is identical with that just given 
for uni-univalent salts. In both cases x — c at infinite dilution, and if 
we define the thermodynamic, or the corrected, degree of dissociation by 
the equation y = xR , then yc is the activity of either ion as long as the 
two activities may be considered as identical. In dealing with an elec¬ 
trolyte of mixed type the matter is a little nore complicated. If, in gen¬ 
eral, a molecule of the electrolyte yields n 1 molecules of the first ion and 
»2 of the second, and if we are to define the quantity x so as to satisfy 
conditions similar to those above, we must write 



( 7 ) 


where » = w s + Thus for Las(SO*)i, «i = 2, = 3, and n *» 5, 

We may still call x/c = y, the corrected degree of dissociation. 

Since the activity of an electrolyte is still proportional to the product 
>f the ion activities raised to the appropriate powers, a is also propor¬ 
tional to x n and we have in general 

1 Xn the older literature this constant is given as 1.85°. A critical study of the 
'■•tta for the heat of fusion of ice (Lewis, Tats Journal, jo, ARi (1908)) ted to the above 
' slue, which is nm — — —" 
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S dl,,x - klf- (8) 

A General Equation for the Freezing-Point Lowering of Dilute Strong 

Electrolytes. 

If « is the number of molecules yielded by the complete ionization 1 of 
one molecule of the solute the quantity (nX — OV) approaches zero as 
c approaches zero. If we plot the logarithm of this quantity against the 
logarithm of c we obtain a most striking result. The curves for all type s 



of electrolytes approach straight lines as the dilution increases. The 
more accurate the results, the closer is the agreement with this law, 
which appears to be one of universal validity. The principle may lie 
expressed in the equation 

log(nX — e/c) = a log c + log H, (9) 

where a and log 0 are constants characteristic of the particular electrolyte. 
In the plot just referred to a is the slope of the line, and log £ the inter 



1 In a thermodynamic calculation such as is to be made here it is of course u mattt r 
of choice whether possible intermediate ions arc to be considered. For our present 
purpose it will be more convenient to leave them out of consideration. 
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section of the line with the axis of («X — 0 /c). By combining the last 
two terms of (9) and taking the antilogarithms, we may put our equa¬ 
tion in the form 

nX — Q/c = j 9 c“. (10) 

We have collected in the following tables the freezing-point data of a 
number of experimenters who have succeeded in attaining a high degree 
of accuracy. The values for potassium cliloride are due to L- H. Adams, 1 
and those for sodium chloride to Harkins and Roberts, 1 except that the 
values at molal concentration for these two salts are those obtained by 



Rodebusli.* The values for sulfuric acid, cadmium and zinc sulfates, 
and most of those for cupric sulfate, are taken from Hausrath. 4 The 
remaining points for cupric sulfate, taken from Bedford 5 and from Pick- 
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+ 0 000040 

0 005132 

0 0187 

—0 000004 

0 00963 

0 0348 

O OOOCXX) 

t> 009544 

0 0346 

—O.OOOIO4 

0 01648 

0 0590 

0 000000 

0 <109604 

0 0347 

-fo 000012 

0 03170 

0 1122 


0 02012 

0.0716 

+0.000116 

n 05818 

0 203 j 


0 02120 

0.0755 

—0.000018 

0 3 r68 

0 4014 


0 03516 

0 1243 


I .OOO 

3 23 


0 06534 

0.2*86 





(0 08360) 

(0.2873) 





to 13600) 

(0 4689) 





1 000 

3 33 



1 I,. H Adams, This Journal. 37, 494 (* 9 > 5 h 

* Harkins and Roberts. Ibtd , 38,1676 (1916). 

* Rod ('bush, Ibid , 40, 1204 (1918). 

4 Hausrath, Ann phys,, (4) 9, 522 (1902), 

* Bedford, Prtx. Roy Soc London, 83A, 454 (1909), 
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Table III. KIO,. Table IV. NalO* 


a = 

0 442, P 

= 11957 

a = 

0 442, P = 

1 1957. 

t 

© 

© calc — © obs 

c 

0. 

0 calc — 6 oba 

o 00274 

O OO99O 

+0 000038 

0 00212 

0 00770 

-fo 000008 

0 00506 

0 01S15 

+0 000071 

O OO499 

0 <>1785 

+0 000114 

O OO903 

O 03220 

—O 000008 

O OO929 

0 03310 

0 OOOOOO 

0 01358 

O O481O 

—0 000080 

O 01502 

0 05300 

—0 000009 

O 03244 

O 1125 

—O OOO517 

O 02868 

0 0997 

—0 000295 

0 09380 

0 3085 

+0 000066 

0 06329 

0 2129 

0 OOOOOO 




0 10100 

0 3317 

0 OOOOOO 
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Table V K 2 SO< 

Table VI 

II, so, 

a = 

0374. P 

= 3 187 

VC = 

■ 0417.3 = 5 404 

€. 

e 

6 calc © obs 

c 

0 

0 calc — © obs 

O OO274 

0 0143 

-f-o OOOO11 

0 0001150 

O 000564 

+0 oo(x>63 

O OO404 

0 0209 

—O 000021 

0 0003115 

O OOl58 

+0 000204 

0 00618 

0 0318 

—O OOO294 

0 0006458 

0 0051S 

-fo 000257 

O 01039 

0 0521 

-—0 OOOI92 

O 001339 

0 00703 

—0 000024 

0 01756 

0 0854 

+0 000135 

0 002243 

0 01155 

0 OOOOOO 

0 02608 

0 1241 

O OOOOOO 

O 004175 

0 02102 

—0 000041 

0 04547 

0 2085 


0 00942 

0 04507 

+0 000164 

0 08899 

0 3874 


0 01646 

0 07569 

0 000000 

O 12050 

0 5120 





Table VII 

BaClj. 

Table VIII CoC), 

a — 

0 364, <3 ’ 

= 2 660 

a =s 

0 362, p *- 

2 456 

«. 

© 

0 calc — 0 oba 

c 

0 

0 calc — 0 obs 

0 00273 

O 0144 

—O OOOOOO 

O OOI73 

O 00930 

—0 000082 

0 00534 

0 0276 

—0 OOOOOO 

O 00209 

0 01 no 

0 OOOOOO 

0 01142 

0 0577 

0 OOOOOO 

0 00892 

0 04575 

0 OOOOOO 

0 02982 

0 1458 


0 01008 

0 05149 

-fo 000019 

0 05611 

0 2682 


n 02251 

01126 


0.11358 

0 5330 


0 02375 

0 n88 





0 05475 

0 2688 





0 05973 

0 2933 





01256 

0 6134 

- 




0 2772 

I 3937 





0 4217 

2 1899 
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Table IX. 

MgSO, 

Table X CdSO,. 

a * 

0293, (3 

= 3 4°4 

a — 

0 375 . P • 

4421. 

c. 

0 . 

0 calc — 0 obi 

c 

e. 

0 calc — 0 obi. 

0.00320 

O OIOOO 

—O 000131 

O 000239 

0 00084 

— O OOOO32 

0.00535 

0 01595 

O OOOOOO 

0 00(3704 

0 00236 

— 0 000038 

0 00746 

0 02165 

-f 0 000029 

O 001511 

0 00482 

- O 000014 

O 01310 

0 03615 

*— 0 OOOOOO 

0,002685 

0 00819 

+0 000053 

0 02668 

0 06730 


0 006560 

0 01858 

- O 000015 

0 04878 

0 1182 


O OII51 

0 03094 


0.09566 

0 2163 


0 01950 

0 04957 


0 2210 

0 4366 


O 03120 

0 07556 
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Table XI. CuSO.. Table XII ZtiSO. 


a * 

0 2840, 0 *= 

3 760 

Or SS 

0 3250; /9 

- 4 421- 

c 

e 

0 calc — 0 obs 

c 

0 

0 calc — 0 obs 

o 000233 

0 00077 

4-0 000015 

0 OCX) 136 

0 00050 

—0 000028 

0 000286 

0 00093 

-fo 000027 

0 000236 

0 0008r 

—0 000002 

0 000442 

0 00143 

-fo Of 10027 

0 000399 

0 00139 

—0 000046 

0 000735 

0 00236 

-j~o 0000161 

0 000597 

0 00196 

■f 0 000022 

0 000843 

0 00266 

+0 0000*8 

0 000916 

0 00307 

—0 000083 

0 001051 

0 00336 

—0 000018 

0 001081 

0 00350 

—0 000002 

0 001467 

0 00461 

- -o 00002 3 

0 00I695 

0 00546 

—0 000104 

0 001520 

0 00483 

—0 000086 

0 001853 

0 00583 

—0 000004 

0 0015^1 

0 00479 

—0 000043 

0 002776 

0 00858 

—0 000074 

0 002229 

0 00677 

-fo 000036 

0 002850 

0 00868 

-fo 000035 

0 002328 

0 0070s 

-f 0 000036 

0 004019 

0 01192 

4 0 000060 

0 002619 

0 00789 

+ 0 000022 

0 004412 

0 01309 

—0 000044 

0 002651 

0 00807 

—<> OOO06 f 

0 005160 

0 01499 

-j-o 000067 

0 001441 

0 0101i 

-fo 00009$ 

0 006259 

0 01786 

-f 0 000081 

0 003999 

0 01172 

-fO 000012 

0 006510 

0 01862 

—0 000034 

0 004316 

0 01255 

-fo 000031 




0 004810 

0 01392 

- 0 000014 




0 005433 

0 01551 

-f 0 OOOT'34 




0 006097 

0 0171R 

fo 000093 




0 006670 

0 01859 

-fo 000153 




0 007350 

0 02046 

0 cxvjooo 




0 010000 

0 02700 

0 OOCXXX) 




0 0150 

0 03885 





0 0200 

0 0502 





0 0300 

0 0726 





0 1658 

0 3344 





0 2333 

0 4540 





0 3468 

0 6410 





0 4081 

0 7422 





0 5290 

0 9409 





0 6236 

1 1071 





O 7453 

1 
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Table XIII KjFe(CN), 

Table XIV. 

La(NOi}j. 

a 

= 0 420, ft 

“ 8 531 

a “ 

0 420, $ 

“ 8 531 - 

c. 

0 

0 coJc — 0 ob» 

€. 

0 

0 calc — 0 ob*. 

0 *60050 

0 003675 

—0 000130 

O OOI32 

0 00915 

—0 000030 

0 00100 

0 00714 

—0 000177 

0 00354 

0 02345 

+0 000038 

0 00200 

0 01362 

—0 000010 

O OO806 

0 05090 

+0 000074 

0.00400 

0 02656 

—0 000198 

0 00857 

0 05370 

+0 00008J 

0 00600 

0 03818 

+0 000343 

0 02222 

0 1328 





O 02360 

0 1404 





0 04337 

0 2508 





0 05119 

0 2937 





O.08661 

0 4878 





0.17486 

0 0608 
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ering, 1 are not of the highest accuracy, but are given to show the trend 
of the curve in the more concentrated solutions. The same is true of 
Bedford’s values for potassium ferricyanide. The data for all the re¬ 
maining salts are taken from Hall and Harkins. 2 * 

These various values have been plotted in Figs, r, 2 and 3,* and the val¬ 
ues of a and of /3 obtained from the plots are given in the individual 
tables. The remarkable agreement with the straight line formula is 
shown not only by the curves but also in the tables, where the difference 
between the observed values of 0 and those calculated from our formula 
are given for the more dilute solutions. 4 

Calculation of the Thermodynamic or Corrected Degree of Dissociation. 

By rearrangement of Equation 10 we may write 

0 = Xt/c — (11) 


Differentiating, 

dG = «Xdc — fi(a 4 - i)c°dc (12) 

and dividing both sides by u\r, 


de 

wXi 


= dine — 


g(a + i)c" ~ 
nX 


- dr. 


(13) 


This form of our empirical equation w» may now combine with the ther¬ 
modynamic Equation 8, giving 


fdlnx = J'dlnc ■ 


0(a + 1 ) 

*iX 


/• 


(14) 


Integrating between c 0 and c 

Inx — Inx o = Inc — hu 0 — ( c “ — «■%). (15) 

nXa 

Now if we take one of our limits at infinite dilution, namely, c a — o, 
then x 0 = c 0 , and 


and writing 7 = x/c, 


or with common logarithms, 


Inc P{a + ,)C " 

(16) 

wXa 

0(« + I )c“ 

(17) 

«Xa 

0(ot + l)c a 

(18) 

2.303 »Xa 


1 Pickering, Ber., 25, 7314 (7892). 

* Hal! and Harkins, Tins Journal, 38, 2658 (1916) 

1 In the figures the jiliiin circles are used to denote KC1, KTOi, CuSO<, MgSOt, 
H»SO», KsSO,. CoCl, and l.alNO,), The circles with lines drawn through them are 
used to denote NaCl, NalOj, ZnSO,, BaClj and K*Fc(CN»). 

4 At concentration below o 001 M no great weight can lie given to any individual 
measurement, for below this concentration a large percentage error is inevitable even 
in the most careful work; thus, at 0.001 M an error of 0.0001 * is an error of 1 % to 
3%, depending upon the type of electrolyte. 
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This equation offers an extremely simple and, we believe, an entirely 
accurate method of calculating the corrected degree of dissociation of 
any electrolyte when the constants a and /3 are obtained from freezing- 
point measurements. It is of course applicable only in the range of 
concentration where the linear formula holds. It would be an easy mat¬ 
ter to proceed to higher concentrations either by adding a new term with 
a new constant to our empirical formula, or by plotting the difference 
between the actual results and those of the linear formula and thus by 
graphical methods obtain corrections to the results obtained by Equa¬ 
tion 18. However, since the deviations from the linear formula appear 
at about the concentration where the heat of dilution begins to be meas¬ 
urable, and since these heats of dilution, which arc necessary for a calcu¬ 
lation of the degree of dissociation at other temperatures, are now being 
subjected to a thorough investigation in this laboratory, we will here 
content ourselves with the application of Equation 18 to the dilute solu¬ 
tions where the linear formula holds. 

The values for the corrected degree of dissociation, which are obtained 
from Equation 18 by the use of the values of a and 13 given in the preceding 
tables, are valid for any ordinary temperatures. The values of the per¬ 
centage ionization, 1007, are given in Table XV. 

The extraordinary divergence between the degree of ionization obtained 
by thermodynamic methods and the degree of ionization as it is ordin¬ 
arily obtained from conductivity data is very pronounced even in these 
extremely dilute solutions. The greatest divergence occurs in the case of 
cupric sulfate, where it has already been observed by Lewis and Lacey. 1 
In order to show how great this difference is we give in Table XVI our 
values of y at 0.01 molal by the side of the values of X/X 0 given by 
Noyes and Falk. 2 Even at 0.001 M X/X„ for cupric sulfate is 86.2, 
while our value is only 52.6. 

Tabu; X V1 
( = 001 M . 

KCl. NaCl. KIO, NalOi KaSOi. Bad, C<lSO, CuSOi LafNOiji 

y . o 925 o 925 o 872 o 872 o f> 87 o 716 o 338 o 290 o 571 

X/Xo .... 0.941 o 936 o 928 o 917 o 872 o 883 o fii4 o G29 o 802 

Bbrcbley, Cai. 

1 Lewis and Lacey, This Joctnal, 36, 804 (1914). 

* Noyes and Falk, Ibid , 34, 474 (1912). 
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THE TRANSITION OF DRY AMMONIUM CHLORIDE. 

By Alexander Smite, Herbert Eastlack, and George Scatchard. 

Rc cived August 28 , 1910, 

Introduction and Theoretical Part. 

The object of this work was to determine whether dry ammonium 
chloride changes to a different crystalline form at 184.5 0 as ordinary am¬ 
monium chloride does. The particular interest of this problem lies in 
its possible bearing on the anomalous vapor density of dry ammonium 
chloride. 

It has been definitely established by the work of Breton Baker 1 that 
the reaction 

NH,C 1 ^ NHj + I 1 C 1 

does not proceed in either direction in the absence of water as catalyst. 
As is well known, the vapor density of undried ammonium chloride from 
300 0 to 360° corresponds to a high degree of dissociation, 1 but Baker found 
by both the Dumas and Victor Meyer methods that the vapor density of 
the dried substance corresponds closely to NILtCl, indicating no dissocia¬ 
tion. Since both of these methods require about one atmosphere for 
operation, we may infer that the vapor pressure of the dried salt is about 
the same as of the undried. F. M. C.. Johnson 8 has measured the vapor 
pressure of undried and dried ammonium chloride, using the same 
apparatus and substance for each, and lias found that the vapor pressures 
are the same from 212 0 to 333 °, but that the vapor density of the undried 
sample at 323° (420 mm. pressure; corresponds to 98',i dissociation, 
while that of the dried substance at the same temperature and with equal 
pressure corre.s[Kinds to only S'dissociation. In his method, the vapor 
density bulb is at a higher temperature than the bulb containing the solid 
salt, and he is, therefore, not dealing with the saturated vapor. 

The partial pressure of undissociated ammonium chloride vapor in 
equilibrium with the undried solid must then be small while that in equi¬ 
librium with the dried solid is practically the total pressure. Abegg 4 
was the first to call attention to this apparent anomaly of the change in 
the equilibrium point of a heterogeneous equilibrium by a catalyst, and 
it»was at his suggestion that Johnson’s work was undertaken. One of 
the most plausible explanations is that of Wegschcider 1 ’—that the transi¬ 
tion of ammonium chloride does not take place in the absence of water, 

1 Baker, J. Chtm. Soc., 65, <>15 (1894); 73, 422 (1898). 

* 65% at 300°, and 63 °£ at 330° for the saturated vapor. (Smith and Lombard, 
This Journal, 37. 48 (1913) ) 

* Johnson, Z. physik, Chem., 6r, 437 (1908). 

4 Abegg, Ibid., 61, 453 (1908). 

* Wegschcider, Ibid., 6a, 607 (1908), 
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and that the pressure of NH4CI from the unstable form is accidentally 
the same as the total pressure of NRtCl, NH 3 and HC 1 from the stable 
form. 

Scheffer, 1 who determined the transition point as 184.5° and measured 
the heat of transition and the specific heats of the two forms near this 
temperature, does not consider the thermal effect large enough to explain 
the phenomenon. Lately, Wegscheider 5 has calculated the heat of transi¬ 
tion necessary, and has found that it would be 4 times the value 
found by Scheffer. His calculations contain many assumptions that 
are little justified, but the allowance for error is so large that we may 
agree with his conclusions He then suggests other explanations by 
transition points, which will be discussed below in relation to our own 
work. 

The transition point was determined by the ordinary thermal method, 
which depends upon the latent heat of transition. The simplest form 
of this method is to place a thermometer with its bulb in the center of a 
few grams of the substance in a test-tube, to place the test-tube in an effi¬ 
ciently stirred bath of relatively large heat capacity, also equipped with 
a thermometer, and to heat or cool the bath regularly and fairly rapidly, 
determining the readings of the two thermometers at frequent intervals. 

It is customary to plot the temperature as ordinates and the times as 
abscissas. The curve for the bath is then a nearly straight line. When 
there is no change of phase in the substance, its curve is very nearly 
parallel to that of the bath but lies to its right; the perpendicular distance 
between the two lines represents the temperature gradient between the 
outer surface of the substance and the thermometer bulb. But near the 
transition point there is a distinct change in the form of the curve The 
tendency of the substance is to remain at the constant temperature of 
the transition point until all is transformed, which would give a hori¬ 
zontal line at the transition point. But the phenomena of superheating 
or supercooling (which are conspicuous with ammonium chloride) may 
cause an initial passing of the transition point with a later return toward 
it, which is illustrated by the cooing curve (Fig. 2). Also, the rapidly 
changing temperature of the bath may cause a gradual change of tempera¬ 
ture during transition. The combination of the two effects is shown by 
the heating curve (Fig. 1), where the rapid addition of heat had straightened 
out the sag due to superheating, but the horizontal line is above the true 
transition point, In any case, the curve approaches the horizontal near 
the transition point, and then becomes much steeper than the curve for 
the bath after all the substance is transformed 

•Scheffer, Verslag. Akad Welenschappen Amsterdam, 18, 446 ((915); Ibid; 18, 
1498 (1916). 

* Wegscheider, Z. anorg. Chem , 103, 207 {1918). 
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1 &3 

The quantity of substance, the method of packing, and the size of the 
thermometer bulb also have considerable influence on the shape of the 
curves. For these reasons this method generally serves only for an ap¬ 
proximate determination of transition points. So we have used ordinary, 
uncalibrated mercury thermometers, and have made no correction for 
exposed stem. 



/-• , - aarh _. _ 

r/g / - Dr/ecf mh 4 a Fig 2 


. Unc/ned HH 4 a 

Figs, r and 2 are typical heating and cooling curves. They represent 
the curves for the bath (dot and dash line', for ordinary- undried ammo¬ 
nium chloride in a test-tube (dotted line, and for dried ammonium chlo¬ 
ride (full line), all determined at the same time. For the last, it was 
necessary- to use a more complicated apparatus to obtain and maintain 
anhydrous conditions. The manipulation and the corresponding table 
are given under Apparatus No. 4. They show very- clearly a transition in 
the interval ij2° bo 184° (uncorr.l, and show how closely the curves for the 
dried and the undried salt correspond. Since these determinations are 
only approximate, it has not been considered worth while to give the curves 
for the other tables, since a glance at the tables, especially the columns 
giving the average temperature change per minute, will show that there 
is an inflection in each ease at about this temperature. 

Let us compare the thoroughness of our drying with that of the in¬ 
vestigators who have found abnormal densities. Baker 1 dried his 
apparatus by heating in boiling mercury while a current of dry air was 
passed through. After the introduction of the substance and the phos¬ 
phorus pentoxide, he let it stand not longer than two weeks at room 
temperature. Johnson 1 performed the preliminary drying by heating 
the evacuated apparatus a long time at yoo°. After the introduction 
1 Lqc. cii. 
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of the materials, he allowed it to stand 5 weeks at ordinary temperature. 
We dried the apparatus by heating with a small flame while passing 
through a current of dry air, and dried the salt after its introduction, at 
155 0 to 165° for 45 days, or 3 years at room temperature, with care to 
present as large a surface of the solid as possible. Therefore, our ma¬ 
terial was much more carefully dried than that which did not dissociate. 
In every case the transition occurred as with the undried ammonium 
chloride. 

Wegscheider’s first explanation by the failure of dried ammonium 
chloride to undergo the known transition at 184.5° * s rendered improba¬ 
ble by the work of Scheffer and wholly untenable by the fact that it does 
undergo transition. The fact that the transition occurs at the same 
temperature also excludes the explanation by another transition at a 
lower temperature. Our work has no bearing on a second transition at a 
higher temperature. But if that were to account for the anomaly, the 
heat of transition would have to be very large, and the fact that Scheffer 
searched for it in vain strongly indicates its nonexistence. 

Wegscheider’s third possible explanation is that ordinary a-NH ( Cl 
is a labile form, which changes to a'-NH 4 Cl, but only at higher tempera¬ 
tures and in the presence of moisture. It is the transition a'-NH ( Cl = 
/ 3 -NHjCl which occurs at 184.5°, a »d the a-NH«Cl does not undergo 
transition. This would imply a transition from a-NH ( Cl to a'-NH ( Cl, 
although not necessarily at a definite temperature, and it is impossible 
as an explanation since dried ammonium chloride does undergo transi¬ 
tion at this higher temperature. 

His fourth explanation is that the ordinary a-NH,CI is stable and 
undergoes transition at 184.5° to the d-form; but that sometimes in 
the preparation, a labile a'-NH 4 Cl is formed, which does not undergo 
transition in the absence of moisture and which evaporates without disso¬ 
ciation. Evidently, one may assume any value for the heat of reaction 
of a'-NKiCl = a-NH 4 Cl and for the specific beat of the a'-NHiCl with¬ 
out contradicting any experimental evidence, if he assumes that all calori¬ 
metric measurements have been made on the stable a-form. vSimilarly, 
our results would have no bearing on the case, as we did not happen to 
work with the a'-NH 4 Cl. 

Wegscheider supports this hypothesis with the statement that Johnson 
with dried ammonium chloride obtained sometimes undissociated and 
sometimes dissociated vapor. However, Johnson worked with only one 
Sample of dried ammonium chloride, upon which he made one measurement 
of vapor density and one ascending and descending vapor-pressure curve. 
He then allowed moisture to enter and made the same measurements 
on the undried substance. Moreover, a series of several measurements 
of the vapor density of ammonium chloride dried 9 months at room tern- 
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perature gave not a single case of vapor density corresponding to disso¬ 
ciation . 1 The only recorded case of ammonium chloride which had been 
submitted to an attempt at drying and gave dissociated vapor is that of 
Gutmann , 1 and Baker 1 claims that he failed to obtain anhydrous condi¬ 
tions. Therefore, there is no justification for attributing the higher 
vapor density to a rare, accidental form. However, the only experi¬ 
mental answer to this assumption would be to make simultaneous de¬ 
terminations of vapor density and transition point, and so see whether 
the same sample did undergo transition and give undissociated vapor. 

Experimental Part. 

Material. 

Amm onium Chloride.—For Tubes 2 and ^.“Baker’s Special” am¬ 
monium chloride was boiled with dil. nitric arid, recrystallized twice from 
distilled water, sublimed in vacuo, recrystallized, resublimed, recrystallized, 
powdered finely, and dried at no° for 24 hours. For Tubes 4, 5 and 6, 
C- p. ammonium chloride was recrystallized from distilled water, dried, 
sublimed in vacuo, ground to a fine pow¬ 
der, and dried at 112 0 for several hours. 

Phosphorus Pentoxide. — Phosphorus 
pentoxide was sublimed in a current of 
oxygen over red-hot platinum sponge. It 
was free from phosphorus trioxide. 

Apparatus. 

The apparatus, as shown in Fig. 3, 
consists of a tube E to contain the am¬ 
monium chloride and the thermometer 
bulb and with a long neck for the stem 
of the thermometer and a side tube with 
two bulbs (1 and 2) for phosphorus pen¬ 
toxide, which was also used to make the 
connection to the pump at C. The ther¬ 
mometers were the ordinary 360° type 
selected to fit tightly in the neck of the 
tube. 

Preparation of Apparatus. 

The apparatus was thoroughly cleaned 
with sulfuric add-diehromate mixture and 
with distilled water, and was finally dried 
by heating over its entire surface with a 
small Bunsen flame while drawing through 

1 Unpublished work of Smith and Lombard. Fig. 3. —Apparatus for the observation 

* Gutmann, Ann., 199,267 (1898I. of trsnzitkm of "dry” ammo n i um 

* Baker, J. Ckem. Sec., 73, *22 (1898). -*■*— 
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a current of dry air. While the tube was still hot, about 15 g. of ammonium 
chloride was quickly introduced directly from the oven, the carefully 
cleaned and dried thermometer was put into place, and the tube was 
sealed off at A. Then 2 or 3 g. of phosphorus pentoxide was put into 
bulb 1 and the constriction at B sealed off. 

Drying and Determination of Transition Point. 

Apparatus No. 2.—The apparatus was sealed to the mercury pump 
at C, exhausted to 0.001 mm. pressure (McLeod gage), and sealed off at 
D. The bulb E, containing the ammonium cliloride, was heated by 
boiling anisole (154 0 ) while the phosphorus pentoxide bulbs were cooled 
by immersion in running tap water. After 3 days’ heating, about */* 
of the pentoxide was carefully distilled from bulb 1 to bulb 2. 

After nine days’ continuous heating, heating and cooling curves were 
made. The heating was done in a bath of “crisco,” in which the Tube E 
was immersed well above the level of the ammonium chloride. The bath 
was made of a liter beaker wrapped with asbestos and heated by an elec¬ 
tric hot-plate in a room with windows and doors closed to prevent drafts. 
In each case the temperature of the bath, as determined at frequent in¬ 
tervals, increased regularly but w'ith diminishing rapidity at the higher 
temperatures. 

As indicated in the following table, the transition occurred at 183° and 
at 175 0 on heating and cooling, respectively: 


Temp 

Degrees) 

Heat ink rate a 

Decrees 

Time 

Minutes 

Temp 

Dckices 

Cool ink r»*ie 
Degrees 

Tunc 

MinuleG 

175 O 


0 O 

177 0 


0.0 

180 O 

+ l 7 

3 n 

1 75 0 

" 1 3 

15 

183 O 

0 9 

\ 

174 1 

<> 5 

3-25 

183 2 

0 1 

8 0 

174 5 

+0 1 

5 0 

183.s 

0 2 

9 5 

174 7 

2 

6 O 

184 0 

<> 1 

1 r 0 

174 0 

—0 2 

9 0 

185 0 

0 4 

11 5 

173 0 

0 4 

I! 6 

190 0 

1 2 

17 6 

170 0 

0 y 

15 0 


* Rate is average change in ilcgms per minute since previous reading. 

The bulb was further heated at 155-165 0 in an electrically heated 
air bath. After 45 days’ continuous heating, the transition point was 
redetermined. Just as the slight drop in temperature from 184° was ob¬ 
served, the tube cracked—presumably due to the expansion of the salt 
on transition, for during the heating it had become packed in a hard mass 
between the thermometer and the tube The determination bad pro¬ 
ceeded far enough to indicate a transition of 184°. 


Temp. 

Kute 

Time 

Degrees 

Degrees 

Minutes. 

175 0 


0.0 

iSO.O 

+ 1 .2 

4 3 

182 O 

I O 

6-3 

184.O 

I .O 

8.4 

183.8 

—o.a 

9.2 
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Tabes 3,4,5 and 6 were sealed to the pump at C, exhausted to 0.001 
mm., and allowed to stand overnight ; they were then heated with a small 
dame (with the exception of the ammonium chloride and the pentoxide 
bulbs), again exhausted to 0.001 mm., and sealed off at D. They were 
similarly heated several times during the next few days. Finally, the 
pentoxide was carefully distilled into bulb 2. 

The ammonium chloride was shaken down so that, with the apparatus 
on its side, a large surface of the salt over nearly the full length of 
Tube E was exposed to the drying atmosphere, and the tubes were left 
thus to dry. 

Apparatus No. 6.—After drying 14 months (June 1, 1916 to August 
10, 1917), the transition point was determined as before. During the de¬ 
termination, the pentoxide bulbs were cooled in ice-water. The transi¬ 
tion occurs regularly at 184-185 The table includes the temperature 
of the bath. 


Temp of 
NHiO 
Degrees. 

Kate- 

De¬ 

grees 

Ttiup 
of bath 
Degrees 

kale 

De¬ 

gree* 

Time 

Minutes 

Temp of 
NHiCl 
Degrees 

Rate 

De¬ 

crees. 

Temp 
of bath 
Degree* 

Rate. 

De¬ 

crees. 

Time 

Minute*. 

175 O 



183 


O 0 

•«9 5 

—O 

2 

219 

+> 7 

20 I 

l8o O 

4-3 

3 



1 S 

i8q 0 

-O 

3 



22 .9 

1*2 O 

3 

0 



2 2 

189 5 

-fo 

2 



25 3 

tfh 0 

J 

s 



2 6 

190 0 

O 

2 



27 5 

184 0 

I 

1 



3 S 

191 0 

O 

2 



33 8 

i «4 5 

0 

5 



4 ( ' 

192 0 

O 

2 



38 3 

185,0 

O 

7 



S 3 

193 0 

O 

4 



40 6 

186 0 

O 

8 



fx 6 

194 0 

O 

S 



4 * 5 

190.0 

l 

9 



8 7 

195 0 

l 

0 



43 3 

* 93-0 

I 

8 

202 

1 8 

10 4 

200 0 

I 

2 



47 4 

194.0 

0 

•> 



12 3 

205 0 

2 

5 



49 4 

193 O 

-*<> 

5 



14 3 

215 0 

4 

0 

260 

1 3 

51 9 

192 0 

—1 

0 

2 I 1 

1 8 

15 3 

240 0 

O 

5 



100.8 

J91.0 

—O 

9 



16 4 







190.0 

—O 

7 



17 9 





... 



It will be observed that there is a second drop in the temperature at 
<94°. This is undoubtedly due to distillation of the ammonium chloride 
and a consequent isolation of the thermometer bulb. At the end of the 
determination, the salt had entirely distilled into the upper part of 
the apparatus. The same effect was observed in very carefully 
evacuated tubes containing ammonium chloride without the addition 
«>f phosphorus pentoxide. In 3 cases the distillation occurred at 150, 
160 and 167°. This larger thermal effect would of course hide a 
transition point. The last of these determinations is given in the fol¬ 
lowing table: 
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Temp of 
HB.Q 
Decrees. 

Temp. 
Rate, of bath. 
Degrees. Degrees 

Rate. 

Degrees. 

Time. 

Minute* 

Temp, of 
NH«C 1 . 
Degree*: 

Rate. 

Degrees. 

Temp, 
of bath 
Degree*. 

Rate. 

Degree*. 

Tha*. 

Minute* 

160.0 


170 


O 0 

165.9 

+O.OI 

200 

+0.7 

28.2 

165 O 

+ 1 I 

181 

+2 3 

4 7 

166 0 

O.04 



30.5 

167 .O 

0 5 



9 0 

166 4 

0.06 



37-2 

166.8 

—O 05 

IQO 

+1 1 

13 2 

167 0 

O I 

210 

0.7 

43 3 

166.5 

— 0 2 



'4 5 

168 0 

O I 



Si -5 

166.2 

—O 15 



16 5 

169 0 

O I 



61.0 

166.O 

—0 4 



17 0 

170 0 

O I 

217 

O 25 

72 0 

165 .8 

—0 07 



19 7 







Apparatus Ho. 5. —Treated exactly as No. 6, it shows the same therma 
effects —transition at 184-185°, and the distillation commencing at 
198.5 instead of at 194°. 


Temp of 

NH«u. 

Degrees 

Rate 

De¬ 

crees 

Time 

Min¬ 

utes 

Temp of 

NHsCl. 

Degrees 

Rate 

De¬ 

grees 

Time 

Min¬ 

utes 

Temp of Rate 
NHsCl De- 

Degree* grees 

Time 1 
Min¬ 
utes 

Temp of Rate 
NHsCl De- 
Degree* greet 

Time 

Min- 

□tea 

173-0 


O O 

185 O 

+ 1 7 

7 O 

198 5 «*o 0 

16 O 

200 

+0 3 

48 4 

177-0 

+4 0 

I O 

187 O 

2 2 

7 9 

198 O —O 2 

18 l 

205 

0 s 

59-5 

180 0 

3 3 

I 9 

190 O 

3 7 

8 7 

197 0 —O 4 

20 8 

210 

1 6 

62 6 

182 .0 

1 8 

3 0 

195 O 

2 9 

10 4 

196 6 


220 

4 3 

64 9 

182 5 

0 5 

4 I 

196 O 

I 2 

n 2 

197 0 

26 7 

230 

5 9 

66 6 

183 0 

0 6 

5 0 

198 O 

1 O 

13 3 

198 0 +0 1 

37 8 

256 

3 9 

73 3 

184 0 

0 7 

6 4 

198 5 

0 3 

'5 0 

199 0 0 1 

44 8 





Apparatus Hos. 3 and 4.— They were dried at room temperature for 
3 years (June 1, 1916-May 15, 1919), and then heated to 100° for 3 periods 
of 10 hours each. At the end of the final period, the temperature at the 
very base rose to 200-250°, which caused the distillation of the salt from 
the bottom. However, the thermometers were still well surrounded by 
the caked salt. Heating and cooling curves were taken without cooling 
the pentoxide bulbs. Apparatus No. 3. 

Heating Cooling. 


Temp of Rate 
NHsCl. De- 
Degrees. grees 

Time 

Min¬ 

utes 

Temp ai 

NHiCl 

Degrees 

Kate 

De¬ 

grees 

Time 

Min¬ 

ute* 

Temp of Rate 
NHsCl De- 

Degrees grees. 

Time Temp of Rate 
Min- NHsCl De- 
utes Degrees, grees. 

Time. 

Min- 

utes 

170 

O O 

188 

+0 4 

■ ' 7 

185 0 

0 0 

171 

— 1 0 

10.5 

174 +2 2 

i 8 

189 

0 7 

13 2 

180.0 — 2 4 

2 1 

170 

0 8 

11 -7 

178 2 s 

3 2 

190 

0 8 

‘4 5 

175 0 21 

4 5 

169 

1 2 

13 5 

182 2 2 

5 O 

191 

2 0 

15 0 

173 0 2 J 

5 3 

168 

2 .0 

13 O 

184 2.O 

6 O 

192 

1 4 

15 7 

172 0 1.4 

6 0 

167 

5 0 

13.2 

183 3 3 

6 3 

193 

3 3 

16.0 

172 .5 +0 2 

8.1 

165 

30 

13.9 

186 1 0 

7 3 

195 

4 0 

16.5 

172 0 —0 4 

9 5 

160 

4 2 

15.1 

187 0.5 

9 3 

200 

3-8 

17 8 

. 




. . . 

The transition 

occurs at 

186° 

and 172° on heating and cooling, re- 


spectively. With ordinary ammonium chloride (undried), determined 
at the same time, the temperatures of transition were 186® and 170®. 

Apparatus Ho. 4.—The curves for this determination as well as for 
the bath temperatures and the curves for undried ammonium chloride 
are given in Figs. 1 and 3 . 
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He a ting . Cooling. 


Teas of Rite. Time. Temp of 
NHSa. De- Min- NH.Cl 
Duns, frees utes. Degrees 

Rate 

De¬ 

grees. 

Time 

Min¬ 

utes. 

Temp of 
NH«Cl 
Degrees 

Rate 

De 

green 

Time 

Min¬ 

utes 

Temp of Rate 
NH*C 1 De- 
Degrees gree* 

Time 

Min¬ 

utes. 

17 O 


O 

O 

185 

+ 1 

0 

12 8 

184 O 



O 

0 

*71 

4-2 0 

7 2 

174 + 2 

O 

2 

O 

186 

I 

4 

'3 5 

180 O 

—2 

7 

1 

5 

172 

+1 2 

8 0 

178 2 

O 

4 

O 

187 

3 

3 

13 8 

176 O 

2 

4 

3 

2 

172 

u=o 0 

9 2 

ISO 1 

O 

S 

O 

188 

2 

5 

'4 2 

172 O 

2 

2 

5 

0 

171 

—0 6 

10 8 

182 2 

O 

6 

O 

190 

3 

3 

14 8 

171 0 

3 


5 

3 

170 

' 4 

11 5 

183 2 

O 

6 

5 

'94 

2 

5 

'5 8 

170 0 

1 

4 

6 

0 

169 

3 3 

11 8 

I84 1 

O 

7 

5 

200 

2 

7 

18 0 

169 5 

2 

S 

6 

2 

168 

5 0 

12 0 

I84 *0 

O 

11 

8 





170 O 

+ 1 

0 

6 


164 

4 0 

13 0 


Transition occurs at 184° and 172 0 on heating and cooling, respec¬ 
tively. With the undried ammonium chloride determined at the same 
time, the transition occurs at 184° and 173 

Summary. 

1. Ammonium chloride in the absence of water (dried 45 days at 155- 
165° or 3 years at room temperature with phosphorus pentoxide in a 
high vacuum) undergoes transition at 184 5 0 , the same as the undried 
salt. 

2. In the thermal measurement of transition points in a high vacuum, 
confusion may result from the greater thermal effects of distillation. 

3. Wegscheider’s explanations of the anomalous vapor density of dried 
ammonium chloride by a failure to undergo transition in the absence of 
water are untenable in the light of these results. 

N«w You. N V 
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THE DECOMPOSITION OF STANNOUS CHLORIDE BY WATER 
AND BY POTASSIUM HYDROXIDE SOLUTIONS. 

By C M Carson 

Received September 12, 191V 

Introductory. 

The experiments described in this paper were undertaken for the pur¬ 
pose of determining the composition of the precipitates formed when 
stannous chloride is decomposed by water. For, although the appear¬ 
ance of these precipitates is well known, no information concerning them 
is found in the literature with the exception of that contained in brief 
papers by Ditte, 1 published 37 years ago. Dittc states that SnCl*- 
2H1O, when boiled with water, forms a hydrated oxychloride SnCJj.SnO.- 
6 H» 0 ; that this, when boiled with water to which stannous chloride is 
added, little by little, forms a crystalline basic salt, 2SnClj.3SnO.6HjO; 
and that the last named by further treatment with stannous chloride 
solution, yields a less basic precipitate, SnClj.SnO.4HjO. 

' Cmpt. rend., Mi W, 864 («88a); Am (him.. Is] 27, 14c (1882) 
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Recently, an anhydrous basic stannous chloride has been described by 
Keller. 1 This material was found enclosed in a tin object brought from 
an Indian mound in Florida, and had approximately the composition repre¬ 
sented by SnClj.SnO. Preliminary analysis, by Keller, of an impure 
specimen of it gave 67% of tin and s 3. 6 C / C of chlorine, while two analyses 
of more carefully selected samples gave: 

% 

Sn 70 92. 73 06 

Cl 21 f>8 2J 98 

Impurities o 2ft 

The present writer has prepared a crystalline basic salt with very nearly 
the atomic ratio given in Keller’s preliminary analysis, but none with more 
than 17% of chlorine. 

In the investigation of basic salts, the best guide is an application of the 
phase rule, first proposed by Miller and Kenrick. 2 Thus, if several por¬ 
tions of a salt which forms basic salts with water, are treated with differ¬ 
ent proportions of water at the same temperature until equilibrium en¬ 
sues, 3 cases may present themselves. (1) The precipitates, in a series 
of mixtures, are all of the same composition, hut the solutions above them 
are different. These precipitates arc a single chemical compound. (2) The 
precipitates in a series are all different, but the solutions are of the 
same composition. These precipitates are mixtures of two compounds 
in varying proportions. (3) The precipitates in a series are all different 
and the solutions are all different. These precipitates are solid solutions. 

The rules which have just been stated apply to 2 component systems. 
The addition of potassium hydroxide to a system made up of stannous 
chloride, stannous oxide and water, introduces a fourth component. 
Now, while variable solutions indicate a bivariant system with 3 com¬ 
ponents, they may indicate cither bivariant or tervariant systems with 
4 components. It is still possible to apply the rules, however, under the 
following conditions, as stated by Miller and Kenrick- (a) The ratio 
of water to the other components must be large; ( b) the fourth component 
must not enter the precipitates; (c) there must be a constant ratio be¬ 
tween the fourth component and the water. 

These conditions have been partly fulfilled in the experiments to be 
described, for when stannous chloride is treated with potassium hy¬ 
droxide, the ratio of alkali to water is kept constant and the alkali does 
not enter the precipitate, but the ratio of water to salt is not large. 

Experimental. 

The stannous chloride used in the following experiments was prepared 
from Baker & Adamson's c. p. salt. About 500 g. at a time was treated 
1 This Joukual, 39, 2354 (1917) 

* J. Phys. Chem., 7, 259 (1903). 
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with tin and hydrochloric add; the mixture was boiled gently until most 
of the free add was removed and was then allowed to cool. The crystals 
which deposited were drained as thoroughly as possible and dried be¬ 
tween filter papers. The product consisted of transparent, colorless crys¬ 
tals which dissolved in a small proportion of water, leaving no residue. 
The relative proportions of tin, chlorine and water in the lots of salt, 
prepared at different times, varied to some extent. It was found neces¬ 
sary, therefore, to make a batch of crystals sufficiently large for a complete 
series of experiments, in order that the results might be comparable. 

The first series of experiments was carried out in the following way: 
A weighed quantity of the salt, usually 25 g., was placed in a flask of from 
100 to 1 <xx) cc. capacity, and a measured \ ohmic of water which had been 
boiled vigorously for 20 minutes, to ex[>el air, was added to it. The flask 
was connected to a reflux condenser, a current of nitrogen was passed 
through the apparatus and the mixture was boiled for 8 hours. The mix¬ 
ture was then filtered into a dry flask, and the precipitate and solution 
analyzed. The precipitates were not washed, as that would alter their 
compositions materially, but were dried between filter papers. Of course, 
the dried precipitates were contaminated with a small amount of mother 
liquor, but since they contained, in all cases a large amount of stannic 
salt, accurate knowledge of their composition would he useless. The 
results are given merely because the appearance of the white precipi¬ 
tates formed by the hjdrolysis of stannous chloride is so well known. 

The analysis of the solutions seemed to offer no difficulty, as they con¬ 
tained only stannous chloride and a small excess of hydrochloric arid. A 
measured volume of the mother liquor was pipetted into a weighing 
liottle, the weight taken and the liquid diluted in a flask. The tin was 
precipitated as stannous sulfide and weighed as stannic oxide. The re¬ 
sults by this method are slightly high, but with proper precautions are 
consistent. The filtrate from the stannous sulfide was boiled to remove 
the hydrogen sulfide and was then titrated with standard sodium car¬ 
bonate for the determination of total chloride. 

Later experiments have shown that in the presence of even very small 
amounts of strong ucids, stannous sulfide sometimes carries down con¬ 
siderable amounts of chloride, which is not removed by washing. It is 
possible then that the analyses of mother liquors may be inaccurate, 
though comparable among themselves. 

The precipitates of basic chloride were ground and weighed and were 
first treated with 20 cc. of N nitric add. The acid was next neutralized 
by ammonium hydroxide, acetic acid was added in excess and the volume 
was made up to 100 cc. with water. The precipitates were only slightly 
soluble in cold acids but when hydrogen sulfide was passed through the 
mixtures, complete transformation into tin sulfide took nlace. Tfi<» <=*<«- 
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fides were filtered and weighed as stannic oxide. The filtrates were boiled 
to remove hydrogen sulfide and were then precipitated by silver nitrate. . 

Determination of the tin in the basic precipitates was also made by 
the Lenssen-Baker method, in which the tin is titrated by iodine in cone, 
hydrochloric acid solution. By reduction with aluminum, the total tin 
was obtained, while without reduction the tin in the stannous condition 
was given. 

In all cases where stannous chloride was boiled with water, the pre¬ 
cipitates contained such a large amount of the stannic salt, usually about 
V* of the total, that it was impossible to decide to what extent stannous 
chloride is hydrolyzed. The presence of the stannic salt is probably due 
to the presence of about o. 5% of quadrivalent tin in the stannous chloride. 
The results of the first series of experiments are given in Table I. 

Tabcs I. 



Wt Of 
SoCb 2 H *0 

Cc of 

Atomic ratio 

Cl Sn id 100 cc 

% in Ppt. 

*---- - ' 1 Atomic ratio 

Expt. 

G. 

water 

of mother liquor 

O 2030 

Tin Chlorine. So'Qiappt. 

I.. 

25 

100 

——— = 

0 1006 

0 0854 

2 02 

70 99 12 00 1 76 

2... 

25 

25O 

O 0423 

O 0426 

2 02 

72 09 10 97 1 96 

3.... 

. 25 

500 

0 0208 

0 0218 

2 05 

73 16 7-88 2 76 

4.... 

• 25 

IOOO 

0 0106 

0 0120 

2 .05 

74 13 S 36 4 '2 

5.. - 

• • >5 

IOOO 

0 005$ 

0 0087 

2 07 


6.... 

IO 

IOOO 

0 0042 

0 0043 

2 08 

75 7 ' 4 59 4 

7... . 

5 

IOOO 

0 0021 

0 0021 

2.08 

Partly SnO 

8... . 

2 5 

IOOO 

0 0008 

0 00082 

2 61 

Mostly SnO 

9.... 

I .0 

IOOO 

_ “ 3 52 

0 00023 

Mostly SnO 


The precipitates in the first 6 experiments of the series were pale yellow 
and amorphous. Although slightly gelatinous, they filtered well. It 
will be seen that there is a continuous variation in the composition of the 
precipitates, that is, they become progressively more basic as the ratio 
of water to stannous chloride in the original mixture, increases. While 
the precipitates become more basic, the solutions become more add, but 
since the predpitates are small, ranging from 0.2 to 0.5 g., the change in 
the composition of the solution is small. 

When the weight of water in the original mixture becomes 200 times 
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greater than the weight of salt, black crystalline stannous ”*oxide is 
formed after boiling for two hours. The black crystals are mixed with 
some yellow precipitate, largely oxidized basic chloride. In Expts. 8 
and g, it will be observed that the solutions have become very add, though 
this change might be expected in Expt. 7, where the black precipitate 
first appears. 

The failure to distinguish basic compounds from mixtures was due to 
oxidation which might possibly be prevented by greater precautions, 
but as the desired information may be obtained by the use of potassium 
hydroxide solutions, the first method was abandoned. When stannous 
chloride is hydrolyzed by alkalies, the precipitates are not only much 
larger than when pure water is used, but they may also be separated from 
the relatively small quantity of stannic compound by decantation. 

In the second series of experiments, the same ratio of stannous chloride 
and water was used as in the first series. The mixtures were boiled as 
before but, after the precipitates were filtered off, the mother liquors were 
preserved in corked flasks and allowed to cool overnight to 25 °. These 
filtrates, with the exception of No. 3, deposited white amorphous precipi¬ 
tates only, which were less basic than those formed at the boiling point, 
while the mother liquors became more add. From No. 3, in which 25 g. 
of salt was boiled with 500 cc. of water, a small amount of white amorphous 
predpitate was deposited, together with about 0.2 g. of crystals. The 
crystals formed hexagonal rosets of about one mm. in diameter, and ad¬ 
hered tenadously to the flask in which they were deposited. The rosets 
are made up of thin, transparent, colorless plates. Analysis of the crys¬ 
talline'material gave 73 .(>3 r l of tin and 16 • 5 ! % of chlorine or an atomic 
ratio, Sn : Cl, of 1.33, which could be represented by the formula 

3SnCl s .5Sn.o.3H s O. 

Analysis of the amorphous predpitate, deposited along with the crystals, 
showed an atomic ratio of 1.93, but about 20% of the tin was in the stannic 
state while in the crystals the oxidation was only 0.6%. The crystals 
were soluble in 100 cc. of 0.3 N nitric add. Washing the crystals with 
water, to free them from mother liquor, renders them slightly more basic, 
for it was shown that o. 2 g. of the substance of atomic ratio 1.33, after 
bdng washed with four 20 cc. portions of water, had an atomic ratio of 
1 - 35 - 

The crystals mentioned in the preceding paragraph may be obtained in 
larger amounts by using stannous chloride which has been overheated 
during its preparation. By starting with a slightly basic salt prepared 
in this way, when 25 g. was boiled with 500 cc. of water for one hour, and 
the mixture cooled, 1.2 g. of crystals was deposited. From 0.25 to 0.5 
g. of crystals was also deposited when 25 g. of the same salt was treated in 
the same wav witb «/'<» - ' 
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Interaction of Stannous Chloride and Potassium Hydroxide Solutions. 

The next series of experiments was carried out for the purpose of de¬ 
termining the effect of a fixed volume of potassium hydroxide solution 
of a certain concentration on different weights of stannous chloride. In 
each experiment too cc. of o. 2 N potassium hydroxide solution was used, 
and the weight of the salt was varied from 3.5 to 75 g. The mixture was 
put in a flask which was attached to a reflux condenser, the air was dis¬ 
placed by a current of nitrogen and the mixture was boiled for 6 hours. 

When 100 cc. of 0.2 N potassium hydroxide solution is added to 25 g. 
of stannous chloride, a pale yellow precipitate is thrown down. When 
the mixture has been boiled for a few minutes, however, this curdy pre¬ 
cipitate suddenly changes to white crystals which become slightly yellow 
on continued boiling. The crystals settle rapidly and therefore may be 
washed by decantation with small amounts of water. This washing alters 
the composition of the crystals to some extent, but the results are probably 
more accurate than those which would be obtained by less direct methods. 

When the volume of 0.2 N alkali is still 100 cc., but the weight of 
stannous chloride is between 3.5 and 5.5 g., the precipitate is no longer 
crystalline. It settles rapidly, however, and may be washed, though not 
so readily, as in the case of the crystalline precipitate. 

After the mixtures were boiled, they were filtered, part of the filtrate 
was pipetted off for analysis, while the remainder was allowed to cool 
in a corked flask. The precipitates were washed and then dried at 80°. 
The analyses were conducted as before. 

The results of this series of experiments are given in Table II. 

Table II 

100 cc. of 0.3 N Potassium Hydroxide Solution Time of txriling, 6 hours 



Weight of 
SoCh 2 HjO 

G 

Atomic ratio 

Cl Sn in 100 
cc of solution 

% in crystals 

Atomic ratio 

Expt. 

Tin 

Chlorine 

crystals 

I. 

30 

alkaline 

87 6 

small 

S11O 

2. 

■■ • 3-5 

O 00774 

- as I 92 

O OO4O3 

80 10 

10 58 

2 24 

3 . 

... . 4.0 

0 0116 

* 1.93 

O OO6O 

79 95 

10.93 

2 18 

4 . 

5-0 

0 0158 

- B= I ,91 

O.OO83 

80,10 

II 07 

2 17 

s. 

, . . . 6 0 

O 0272 

- ■* I .90 

O.OI43 

73 76 

• 590 

1.38 

6. 



73 75 

16.15 

• 36 






0.1045 

- 1.91 

0 0530 

73 45 

16.09 

1 36 



ft . 


O ■732 

73 31 

16.52 

1 .32 



„ ^ ' 94 

0,0903 

9 . 

.... 30.0 


13 41 

16.55 

1.30 
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In Expt. 3, where 3.5 g. of stannous chloride was used, there was a 
small amount of black stannous oxide crystals, from which the lighter 
yellowish precipitate was separated by decantation. It is evident, then, 
that the yellowish precipitate here obtained is the most basic of the basic 
stannous chlorides. Its composition is represented, approximately, by 
the formula 2SnClj-7Sn(OH) 2 . There is a slight variation in the composi¬ 
tion of the precipitates in Expts. 2, 3 and 4, though this could be expected 
on account of the difficulty in separating the precipitates from the mother 
liquors. But a very striking change takes place when the amount of salt 
is increased to 6 g., as in Expt. 5. The precipitate becomes crystalline in 
character and much less basic than in Expt. 4. With increasing amounts 
of stannous chloride, the precipitate remains the same in appearance, but 
becomes somewhat less basic. When the amount of salt in the above 
series becomes greater than 30 g. very little precipitate is formed. This 
is due to the presence in the stannous chloride of a small excess of acid, 
which uses up most of the potassium hydroxide. To the same cause may 
be attributed the differences in the precipitates of Expts. 5 to 9. No at¬ 
tempt was made to neutralize the excess of acid in the original salt, but 
experiments were performed with from 40 to 75 g. of stannous chloride 
and 100 cc. of 0.4 A' potassium hydroxide solution. In these the crys¬ 
talline precipitates were slightly more basic than in Expt. 9. 

Indications of two compounds, in addition to the oxide, are given by 
the results in Table II, but the variations in the precipitates from Expts. 
5 to 9 were so great that they must be regarded as mixtures. This view 
is strengthened by two facts: first, the precipitates do not dissolve com¬ 
pletely in dil. nitric acid, but leave small, white residues, which are due 
to the presence of some of the stannic compound; second, the precipi¬ 
tates formed when the mother liquors of experiments such as No. 9 are 
allowed to cool, are pure white, and dissolve in dil. nitric acid without 
residue. They are higher in chlorine and lower in tin than the correspond¬ 
ing original precipitates, and always contain less of the stannic com¬ 
pound. 

Thus, when 50 g. of stannous chloride is boiled with 100 cc. of 0.4 AT 
potassium hydroxide solution and the hot mixture is filtered, the filtrate 
on cooling deposits about 2 g. of the white crystals. Analysis of these 
crystals gave tin 72.82% and chlorine 16.93, while analysis of the original 
crystals, formed in the boiling liquid, gave tin 73.41% and chlorine 
>6.23%. The crystals deposited from the mother liquor, when 30 g. 
of stannous chloride was treated with 100 cc. of 0.4 N potassium hy¬ 
droxide solution, contained 73.11% of tin and 16.76% of chlorine, while 
the crystals formed in the boiling liquid contained 73.93% of tin and 
i6.u% of chlorine. 

In all cases where the original precipitate formed at the bniiw 



Uflt C. M. CARSON. 

was compared with the precipitate from the cooled mother liquor by 
titration with iodine, it was found that the first named contained from 
o. 5 to x. 0% of oxidized tin, while the precipitates from the mother liquors 
contained only from 0,2 to 0.5%. This could only partly explain the 
higher chlorine content of the second crystals, even if it were assumed 
that the stannic compound had been completely hydrolyzed into the oxide. 
Other possible causes of difference are the adsorption of stannous chloride 
by the crystals as they separate from the mother liquor and failure to re¬ 
move this by washing; or the formation along with the first crystals of 
some of the more basic compound by local excess of alkali, and failure to 
transform this into the equilibrium compound. The washing caused 
some change in all of the precipitates, but probably about the same amount 
in all. 

The crystals formed when 25 g. of stannous chloride is boiled with 500 
cc. of water and the mixture is allowed to cool, have already been de¬ 
scribed. They are somewhat higher in tin and lower in chlorine than the 
white crystals mentioned in the preceding paragraph. While in both 
cases the crystals are pseudo-hexagonal, in the case where pure water is 
used, the crystals always form rosets which are nearly spherical in shape. 
It might be supposed that the precipitate from the potassium hydroxide 
treatment contained potassium chloride which would decrease the tin 
and increase the chlorine content, but an analysis failed to show the pres¬ 
ence of potassium. 

An attempt was made to determine whether equilibrium had been 
reached in the preceding experiments, by utilizing the reverse reaction. 
Five g. of stannous oxide was boiled with 25 cc of 1.96 N hydrochloric 
acid for 5 hours. The mixture was filtered and the crystals and mother 
liquor were analyzed. It was found that 100 cc. of the mother liquor 
contained 1.614 gram-atoms of chlorine and 0.827 of tin, a ratio of 1.95; 
while the crystalline precipitate contained 73.91% of tin and 16.13% 
of chlorine. That is, the precipitate is very nearly of the same composi¬ 
tion as that of Expt. 7, Table II. 

The solutions and precipitates obtained in this way are of the same char¬ 
acter as those given by the treatment of stannous chloride with potassium 
hydroxide solution. But the experiment did not give definite proof that 
equilibrium had been established, since the mother liquor was much more 
concentrated than when potassium hydroxide was used. 

Summary. 

It seems definitely proved that a compound 2SnCU-7Sn(OH)i is the 
most basic of the basic stannous chlorides; that a slightly variable crys¬ 
talline material, of approximately the formula 3SnCU.5SnO.3HjO, is the 
precipitate commonly formed by the action of boiling solutions of potas¬ 
sium hydroxide on an excess of stannous chloride; and that there is no 
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compound of intermediate composition. Whether any basic compound 
lies between 3SnClj.5SnO.3HjO and the normal salt was not determined. 
The precipitates usually formed by the interaction of stannous chloride 
and water contain such a large proportion of stannic compound that 
the analyses are of no value in ascertaining the composition of the basic 
stannous chlorides. 

In conclusion, I wish to express my indebtedness to Prof. Lash Miller, 
of the University of Toronto, who suggested this problem some years 
ago, and gave me considerable help with it. 

Houubtok, Mich 


(Contribution from the Kent Chemical Laboratory of the University of 

Chicago ] 

THE EFFECTS OF ACIDS AND BASES ON THE SURFACE 
ENERGY RELATIONS OF (S,|S-DICHLOROETHYL- 
SULFIDE (“MUSTARD GAS”), 1 

By William D Harkins and D T Ewing 
Received September 20, 1919, 

This investigation was undertaken in order to determine the relative 
efficiencies of various substances in the emulsification of /J,/ 3 -dichloro- 
ethylsulfide in water, and with the idea that the results obtained would 
be of importance in connection with a study of its physiological action. 
The importance of the effects of adds and bases on interfadal tension 
has been pointed out by Haber and Klemenriewicz.* An active part 
of a musde is always electrically negative toward the part at rest, and the 
active musde is add in reaction while the resting musde is slightly alka¬ 
line. An add reaction always causes the phase which corresponds with 
the water at the water-benzene interface, to become negative, and in the 
musde this aqueous phase is represented by the sarcoplasma in which 
the sarcostyles are imbedded. An interface of this nature acts as a hy¬ 
drogen electrode, and it would seem probable that in addition to the 
change of electromotive force at the phase boundary, there should also 
be a change of surface tension near the neutral point with reference to 
the change from an add to a basic reaction. The investigation which 
is commonly a ted to show that laboratory experiments on simple two- 
phase systems seem to confirm this point of view, is that of von Lerch,* 
who, while working under Nernst's direction, found that the presence of 
sodium hydroxide at a concentration of o. 027 AT in the aqueous phase, caused 
an extremely great lowering of the interfadal tendon at the water-benzene 
phase boundary, a lowering amounting to 36%. At the request of Pro- 

1 An investigation undertaken at the request of the National Research Council* 
and suggested to thou by Lieutenant Coload A. B. Lamb and Major R, B. Wilson. 

' Z . pkysik . Chm ., 76,385-431 (1909) 

> — * 
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fessor Haber the investigation was repeated by Harkins, 1 who found the 
results of von Lerch to be erroneous, and that at such concentrations 
bases do not lower the interfacial tension of the benzene-water system 
at all. The apparent lowering obtained by von Lerch was apparently 
due to the effects of the base upon the glass, which lowers the height of 
the liquid in a capillary tube when there is no lowering of surface tension 
caused by the base alone. 

Benzene and saturated paraffin hydrocarbons are chemically too in¬ 
different toward bases to give the surface tension lowering described in 
the last paragraph. Chloroform, 1 to some extent, and 0,0-dichloroethyl- 
sulfide, much more markedly, give the lowering of interfacial tension 
toward water, when bases, but not when acids are added, and the magni¬ 
tude of the actual effect is much greater than the fictitious one found by 
von Lerch. Thus o x AT sodium hydroxide solution reduces the inter¬ 
facial tension at the water-dichloroethylsulfide phase-boundary by 55%. 

The surface tension at 20 0 between 0 ,£-dichloroethylsulfide and water 
is 28.36 dynes per cm , or about 5 dynes less than that between benzene 
and water. The surface tension of this liquid toward its vapor is 42 82 
dynes per cin , which is 14 dynes higher than that of benzene. One of 
the most important characteristics of a liquid in this connection is the 
amount of work done when one square centimeter of the surface of the 
liquid approaches one square centimeter of a water surface. This value 
is 87.3 ergs in the case of / 3 ,d-dichloroethylsulfide, which indicates that 
this liquid, while only very slightly soluble in water, has a high attrac¬ 
tion for it, although the magnitude of the work done is slightly less than 
that found for an alcohol The following table (Table I) gives values 
for this work for a number of classes of organic substanoes: 


Table I 

Work done 1 —At) by th« 
attractive forces Itelween 
water and Che liquid 

Liquid per sq cm of each. 


Sulfur compounds 

— Ay 

fi.fl-Dichlorocthylsulfide 

87 26 

Mercaptan 

68 50 

Carbon disulfide 

55 82 

Octane 

4.5 76 

Benzene 

66 63 

Alcohols 

93 0 

Organic acids 

95 0 

Monochloroacetone 

IOI.00 

Dichloroacetone 

90 28 

Chloroform . 

6730 

Methylene chloride 

71 OO 

1 Harkins, Davies, and Clark, This Journal, 39, 548-9 (1917). 

* N. D. Thatcher in this laboratory has obtained results which 

show that the 

surface tension at the interface water-chloropicrin is not lowered by either HC 1 or NaOH, 
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According to the theory of Harkins, 1 the interfacial tension at a phase- 
boundary is lowered by any substance which makes the transition be¬ 
tween the two phases more gradual with respect to the intermolecular 
electromagnetic fields. 1 A large number of substances might have been 
found which would have done this, but the only ones investigated were 
com oil, Twitchell's solution, and turkey-red oil. All of these proved 
extremely effective in lowering the interfacial tension at the water-dichloro- 
etliylsulfide interface. The effectiveness of both the com oil and the 
turkey-red oil were considerably increased by making the solutions alka¬ 
line with sodium carbonate at o i .V concentration, but this did not seem 
to be the case with Twitchell's solution. All of these substances proved 
to be remarkably effective as emulsifying agents, especially turkey-red 
oil, together with sodium carbonate. 

Table II gives the results of the surface-tension determinations, which 
were made by the drop-weight method, using the proper precautions as 
determined by Harkins and Brown. 3 The radius of the tip used was 
o 24995 cm for all of the interfacial work, except when a o 1 % solution 
of turkey-red oil was used in the absence of sodium hydroxide, when the 
radius was o 275 cm. For the dichloroetliylsulfidc alone a tip of 0.27441 
cm. radius was used. The density of this latter liquid was 1 2732 g. per 
cc. In all of the experiments the aqueous solution was dropped upward 
through this liquid without allowing time for mixing. 

Table II 

The Surface Tension between ft ,8 Pichloroethykulfide and Various Aqueous Solutions 

111 Dynes per Cm. 


Substance 

Vol of 
l drop in cc 

Density of 
substance 

r/a 

Surface 

tension. 

Vapor 

O 03555 


I 04 

42 82 

Water 

0 1062 

O 9982 

0 595 

28 36 

0 1 AHC1 

0 1090 

1 OOOlI 

0 5385 

28.90 

0 i N NaOH 

0 04612 

l 0032 

0 8066 

12 .78 

0 i N Na,CO, 

0 0695 

I 0025 

0 6635 

18 82 

1 % R0I11 turkey-red oil 

0 0567 

1 0000 

0 607 

14 *7 

1 % Soln turkey-red oil in o i N 
Na,CO, 

0 02977 

j 0035 

I 00 

8 35 

Twitchell’s Soln 

0 04384 

0 999*4 

r/»‘/» 

O 7088 

11.3* 

Twitchell's Soln in o 1 N Na,CO, 

0 04661 

1 00311 

O 6944 

12.89 

1 Coni oil Soln 

0 4 S 77 

0 9984 

O 698 

12 94 

1 x 'c Com oil Soln in 0 1 N Na,COt 

0 03936 

1 0036 

0 735 

10 91 


’ Harkins, Brown, Davies and Clark, This Journal. 39, 354-64, 541-96 (1917); 
Harkins and King, Ibtd , 41, 970-92 (1919), especially pp 480-3. 

* The theory of Langmuir, which does not specifically refer to interfaces, leads to 
the same conclusions. See Met. Chen. Eng., 15, 468 (1916); Proc. Nat. Acad. Set. 3, 
J 5i~7 (1917); This Journal, 39,1848-1906 <1917); see also Frenkel, Phil. Mag., 33,297 
(1917) and especially Hardy, Proc. Royal Soc., SfiB, 634 (1911-12). 

' This Journal, 41,499-524 (1010V 
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The values for r/a and r/s w indicate the shape of the drop. A dis¬ 
cussion of this subject will be found in the paper of Harkins and Brows. 

Table III gives data for the surface tension of a number of organic 
liquids prepared by Professor Huston of the Michigan State Agricultural 
College. Unfortunately, the two temperatures at which the measure¬ 
ments were made are not sufficiently far apart to give good values of the 
temperature coefficients. The tip used had a radius of 0.27441 cm. 


Tabu; III 

The Surface Tension of Some Organic Liquids 

Surface 

tendon. 


Substance 

Temp 

Wt of 

1 drop in g 

Density 

r/.M 

Dynes 
per cm. 

Diphenyl propane 

20 ° 

0 03920 

0 9998 

0 808 

37.15 

(C,H,),CHCH,CH, 

25° 

0 03865 

0 9962 

0 801 

36 M 

1,1-Diphenyl ethane 

20° 

0 0397s 

I 0039 

0 807 

37 67 


2 5° 

0 0392s 

0 9998 

0 808 

37 a® 

Diphenyl methane 

26° 

0 03963 

1 OO44 

0 806 

37 56 

Dttolyl methane 

20° 

0 03745 

O 9800 

0 816 

35 5» 

(CH»C*K«)«CHi 

25° 

0 03670 

0 9777 

0 821 

34 80 

Propyl benzene or phenyl pro¬ 

20° 

0 03396 

1 0216 

0 854 

32 22 

pane 

25 ° 

0 03299 

I 0166 

0 863 

3i 3° 


These liquids have a high surface tension for substances which con¬ 
tain carbon and hydrogen alone. It is apparent that the surface 
tension increases with the number of phenyl groups, with the degree 
of unsaturation, and with the decrease in the length of the paraffin 
chain. This is illustrated by the result of Jaeger, who obtains a 
much higher surface tension still for triphenyl methane, 44 7 dynes 
per cm. at 20°. Benzene has a much lower surface tension, which 
at 20 0 amounts to only 28 9 dynes per cm. The tolyl group in¬ 
creases the surface tension much less than the phenyl group. Former 
studies in this laboratory have also shown that the methyl group lessens 
the effect of phenyl groups, since the electromagnetic stray field around 
the methyl groups is much less, and this causes them to be oriented into 
the surface. 

Chicaoo, Illinois. 
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CONTRASTING EFFECTS OF CHLORIDES AND SULFATES ON 
THE HYDROGEN ION CONCENTRATION OF 
ACID SOLUTIONS. 

By Arthur W Thomas and Mabel E Baldwin. 

Received September 23, 1919. 


In the process of chrome tanning the practical tanner has discovered 
that by addition of neutral salts it is possible to use more basic chrome 
liquors. The added salt prevents the precipitation of hydrous chromic 
oxide. Wilson and Kem 1 believe that this phenomenon is due to increase 
in the hydrogen ion concentration caused by removal of water from the 
solvent to hydrate ions of the added salts. 

Since Wilson and Kem did not actually 
centration of these solutions, the 


authors of this paper took up the 
problem with the result that a 
striking contrast in the effect of 
chlorides, and sulfates and mag¬ 
nesium salts on solutions of hy- Is 
drochloric and sulfuric acids has ^ 
been noted. 

In our first experiment the 
effect of sodium chloride, ammo¬ 
nium chloride, sodium sulfate, 
ammonium sulfate and mag¬ 
nesium sulfate upon the hydro¬ 
gen ion concentration of a stock 
chrome liquor, 5 diluted to contain 
13.86 g. of chromic oxide per 
liter, was determined. These 
figures are given in Table I and 
Fig. 1. 


measure the hydrogen ion con- 

Chrdwum Sulphate Solution 



/ z J 

Mofar Concentration of Salt 
Fig. i. 


It will be noted that equilibrium in hydrogen ion concentration is not 
reached immediately after dilution of a concentrated chrome liquor by 
water or by salt solution. This effect is shown in Table II and Fig. 2. 
This slow increase in hydrogen ion concentration in solutions of chromic 
salts has been long known and has been shown to be due to the trans- 


1 J. Am. Leather Chtm. Assoc.. 12, 445 (1917). 

* This stock chrome liquor analysed by and furnished to us by Mr. John Arthur 
Wilson, of Milwaukee, showed: CriO,, 14,3%; Fe,0,. 1.9%; AliOa. 0.2%; SO,, 23.$%; 
Nad, 0.4%; glucose, none; sp. g., 1.628 at 80* K. 
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Table I 


Effect of Neutral Salts upon the Concentration of Hydrogen Ion of Chrome Liq 

Sodium Chloride 

Ammonium Chloride. 

Concentration of salt 

Log Cjj+ 

Log Concentration of salt Log Cjy4“ 

Molar strength. 

immediately 

after 15 day* Motor strength after 30 days 

O 

3 19 

—3 33 0 

—3 33 

1 

—3 10 

—3 '4 2 

—3 24 

2 

—3 

—2 95 3 

—3 >4 

3 

—2 92 

—2 78 4 

—3 04 

4 

—2 81 

— 2 62 5 

—2 95 

Sodium Sulfate 

Ammonium Sulfate 

Concentration of salt 

Lag Of + 

t on central ion of salt 

Log Ch+ 

Molar strength 

after 10 da\« 

i Molar strength 

after 10 duys 

O 

— 1 33 

0 

—3 33 

O 25 

— 1 59 

O 2 S 

—3 54 

O 5 

<>? 

0 5 

—3 60 

1 0 

-~3 58 

1 0 

-3 68 

2 O 

—5 51 

2 O 

—3 77 


Magnesium Sulfute 


CoBcrntTHiiOD oS salt 


Log Q? + 

Molar strength 


after 30 d tys 

O 



—3 33 

O 25 



3 47 

0 5 



— 3 49 

1 0 



—3 46 

2 0 



—3 36 

Effect of Sodium Chloride on Chromium Sulfate Solution 

Concentration of salt 


Log C/J+ 

Log Cff 4 - 

Molar strength 


immediately 

aftcr 30 days 

O 


—2 43 

—2 43 

I 


—*2 22 

—2 28 

2 


- 2 04 

—2 13 

3 


—1 84 

-1 98 

4 


—1 63 

— I 83 



served to be —3.19 immediately after dilution and 
after dilution. 


formation of the ocido 
chromic salt into a more 
largely hydrolyzed hexa- 
aquo salt.' 

The effect noted 
above is not due en¬ 
tirely to the added salt, 
as can be observed in 
Table I and Fig. 1, 
where the log C H + of 
the chrome liquor with 
no added salt was [ob- 
3.33 fifteen days 


1 Bjerrum, Z phystk Chetn , 89, 336 and 581 (1907), also Kgl. D. Vid , Selak. 

f- I - _ i - 
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Tabu; II, 

Influence of Time upon the Hydrocen Ion Concentration of a Chrome Liquor after 
Addition of Sodium Chionde and Dilution. 


Time. min. 

log Cff+ 

Time, hrs 

Log Cfl+ 

10 

—3 00 

3 

—2.66 

20 

—2 94 

4 

—2 66 

30 

—2.89 

7 

—2 72 

40 

—2 85 

9 

“2 75 

50 

-2 82 

18 

—2 86 

60 

-3 79 

20 

-2 87 

70 

—2 77 

23 

--*2 90 

80 

—* 75 

25 

-2 90 

90 

—2 73 

28 

—"2 91 

IOO 

—2 72 

34 

- 2 92 

I IO 

• -2 ;o 

46 

—2 96 

120 

—2 70 

57 

—2 96 

130 

-2 69 

15 days 

—2 96 

I40 

—2 69 




-—*2.68 



160 

—2 .67 



170 

--3 66 




The effect of sodium chloride upon a solution of pure chromium sulfate 
of chromium content equal to that of the chrotnc liquor is also shown in 
Table II. 

Since a rather complicated system is obtained by the mixture of solutions 


Chromium Chlorioc Solution 


of chlorides with chromium sul¬ 
fate it was deemed advisable to 
compare the effect of chlorides 
upon pure chromium chloride 
solutions. 

A concentrated solution of the 
green modification of chromium 
chloride was made up for use as 
a stock solution, and this solu¬ 
tion was mixed with solutions of 
the chlorides and then made up 
to volume to contain chromium 
chloride equivalent to 13.77 g. 
of Cr»Oi per liter in each case 
and the added chloride at the '' 
concentrations given. 

The results of these experiments are shown in Table III and Fig. 3. 

It is evident that substantially the same phenomena occur here as in 
the mixture of chlorides and chromium sulfate. t 

It Was then COnsiderpd *■ 1 



/ ! 3 

Mohr Concentration of Sa/r 
Fig. -v 
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Table III. 

Effect of Chlorides upon the Concentration of Hydrogen Ion of Chromium Chloride 

Concentration of salt 

Solution. 

W C B + 

Log Cfl+ 

Molar strength. 

immediately. 

after 50 days 

O 

Sodium Chloride. 

—2 22 

—2 43 

! 

—2 06 

—2.24 

2 

1 9 i 

—2.11 

3 

—1 75 

— 1 95 

4 

* 1 59 

—« 79 

0 

Potassium Chloride. 

—2 .22 

—* 43 

1 

—2 rs 

—2 36 

2 

—2 .06 

—2 28 

3 

—1 97 

— 2.19 

4 

*—1 88 

—2 12 

0 

Ammonium Chloride 

—2 .22 

—2 .43 

1 

—2 14 

—2 36 

2 

—2 07 

—2 30 

3 

—1 97 

-2 19 

4 

—1 88 

—2.14 

0 

Lithium Chloride 

— 2.22 

— 2.43 

J 

—2 01 

-2 22 

2 

~—i 82 

—2.04 

3 

'—1 62 

-1 .80 

4 

—1 41 

-1 .60 

0 

Barium Chloride. 

-—2.22 

— 2-43 

0.25 

—2 .09 

— 2.32 

0-5 

—? on 

— 2.23 

0-75 

.93 

— 2.13 

r .0 

—1.86 

-2 .05 


Table IV. 

Effect of Salts upon the Concentration of Hydrogen Ion of 0.0005 N Sulfuric Acid 


Concentration of salt. 
Molar strength. 

Log Cg+ 

. V. -- --J 

Concentration of salt. 

Molar strength 

Log Cff+. 

Sodium Chloride. 

Ammonium Chloride. 

O 

—350 

t> 

—3 50 

I 

—3.29 

2 

—3.27 

2 

—3 JO 

3 

—3.14 

3 

—2.92 

4 

—3 00 

4 

—2.71 

5 

—2.88 

Sodium Sulfate. 

Ammonium Sulfate. 

0 

—3 30 

O 

—3.50 

0.25 

—4 37 

0.25 

—4.00 

°-5 

—5 10 

0-5 

—4.00 

* ».o 

—6,oj 

i.0 

—4.00 

2.0 

—6,92 

a.o 

—4.on 
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sulfates on solutions of sul¬ 
furic and hydrochloric adds 
of such concentrations as to 
give approximately the same 
hydrogen ion concentrations as 
the chromium sulfate and 
chloride. The concentrations 
were found to be 0.0005 N sul¬ 
furic add and 0.004 N hydro¬ 
chloric add. The results of 
addition of salts to these adds 
are shown in Tables IV and V, 
and Pigs. 4 and 5. 

The similarity in the con¬ 
trasting effects of sulfates and 
chlorides on simple add solu¬ 
tions of hydrogen ion concen¬ 
trations equal to those of the 
chromium sulfate and chloride 
solutions demonstrates that 


Sulphuric Acid — 0.0005N 



Concentration o f Sail 

Fig. 4. 


this phenomenon is not pertinent to solutions of chromium salts alone. 
Since the effect is general with acid solutions it was considered of im- 


Hydhochlohic Mao - ooo4 N 



portanee to make a series of de¬ 
terminations upon acids of o. 1 N 
(equivalent) concentration. Due 
to the difference in behavior of 
magnesium sulfate from the 
other sulfates, magnesium chlo¬ 
ride was induded with the salts 
previously tried. 

In all cases, a solution of add 
was mixed with a solution of a 
salt and diluted to too cc. The 
concentration of this solution of 
the mixture was always 0.1 N 
(equivalent) with respect to the 
add and that particular concen¬ 
tration of the salt whose effect 
upon the hydrogen ion concen¬ 
tration was to be studied. The 
hydrogen ion concentrations 


Motor Concentration of Sait were measured two days after 


Fix. 5 . 


the solutions were made «n 
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Table V. 

Effect of Chlorides upon the Concentration of Hydrogen Ion of 0,004 N Hydrochloric 

Acid. 


Concentration of salt. 
Molar strength. 

Lob Cfl h 

Concentration of salt 

Molar strength Log CjjHh 

Sodium Chloride 

Potassium Chloride. 

O 

—2 49 

0 —2.49 

I 

-2 27 

1 — 2.39 

2 

-2 10 

2 —2 28 

3 

—I 88 

3 — 2.17 

4 

—I 69 

4 —2 03 

Ammonium Chloride 

Lithium Chloride. 

0 

—2 49 

0 —2.49 

1 

—2 37 

1 —2 21 

2 

—2 27 

2 —1 95 

3 

~—2 18 

3 —1 67 

4 

—2 03 

4 —1 40 

Barium Chloride 

.Sodium Sulfate 

O 

—2 49 

0 —2 49 

O 25 

2 40 

0 23 —3 01 

0 5 

— 2 tO 

0 5 —3 C 3 

I 0 

-2 IO 

1 0 --3 22 

Ammonium Sulfate 

2 0 —3 29 

3 0 —3 34 

Magnesium SulfBte, 

O 

—1 49 

0 --2 49 

O 25 

—3 02 

0 25 —2 84 

O 5 

—3 16 

05 --2 97 

1 0 

--3 30 

1 <> —2 99 

2 0 

--3 46 

2 0 —2 79 

3 0 

“3 5 1 ) 

3 O --2 58 

4 0 

—3 



Tables VI and VII, and Figs. 6 and 7 show the results obtained. 

It may be noted here that the relative effect of ammonium sulfate and 
sodium sulfate on o. r A' sulfuric acid differs from that on 0.0005 N sul¬ 
furic acid as shown in Fig. 4. In the case of the 0.0005 N acid, ammonium 
sulfate decreases the hydrogen ion concentration at 0.25 molar concen¬ 
tration of the salt and no further decrease is noted for higher concentra¬ 
tions. This is probably due to the slight acid reaction of ammonium sul¬ 
fate which is noticeable in such dilute acid as 0.0005 N, but not in the 
presence of 0.1 N sulfuric acid. 

The effect of chlorides in increasing the hydrogen ion concentration of 
hydrochloric acid solutions is not new. This has previously been shown 
by Poma, 1 Homed 2 and by Fales and Nelson.- 1 Arrhenius 4 found that 

1 Z, physik. Chtm , 88, 671 (1914). 

* This Joubxal, 37, 2460 (1914). 

•Ibid., 37, 2769 (1915) 

• Z. physik. Chtm., 31, 197 (1899). 
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the hydrogen ion activities of acetic 
and of hydrochloric acids were in¬ 
creased by neutral salts which he 
thought was due to the salts in¬ 
creasing the dissociation of the 
acids, but in the light of recent 
work on hydration of ions in 
aqueous solutions, a more plausible 
explanation is offered, 1 namely, 
that the volume of solvent appears 
to decrease. 

When the chlorides are arranged 
in order of their ability to increase 
the hydrogen ion activity, the fol¬ 
lowing series is obtained- MgC!j> 

BaCl 2 > Li Cl > NaCl > NH.Cl = 

KC 1 which, with the exception of 
magnesium and of barium, is in 
inverse order to a series of these 
cations arranged in order of their equivalent conductivities. 

In the above series the salts 
are arranged in order of the in¬ 
creasing hydration (1. e., num¬ 
ber of molecules of water com¬ 
bined witli the ions at infinite 
dilution) of their cations, K + , 
9.6; NIL 4 , 10.7; NaL 16.9; Li + , 
24.0/ Ba 4i , relatively higher;’ 
Mg 4 4 , higher than Ba + V 
Poma 4 found that chlorides in¬ 
creased the hydrogen ion con¬ 
centration of hydrochloric acid 
solutions in the following order: 
MgClj > CaClj > LiCl > KC 1 > 
RbCl. 

The noteworthy feature of this 
paper is the contrast shown be¬ 
tween the decreasing hydrogen 

1 Poma, Loc. cit. Poma and Patroni, Z. physik. Chem , 87, 197 (1914); Hanved, 
Lee. cit.; Smith, This Journal, 37, 72a (1915). 

' Smith, Loc cit 

* Washburn, Trek Quart , ai, 360 (1908). 

'Jones, Carnegie Inst. Pub., 60 (1907). 

* Loc cit. 
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Table VI 

Effect of Salts upon the Concentration of Hydrogen Ion of o r N Sulfuric Acid 


Concentration of salt 
Molar strength 

Log Cjj + 

Concentration of salt 

Molar strength. 

Log Cb + 

Sodium Chloride 

Ammonium Chloride 

0 

-1 21 

0 

-1 21 

1 

-O 99 

1 

- 1 08 

2 

—O 78 

2 

—0 98 

3 

—0 57 

3 

—O 84 

4 

—0 36 

4 

—O 72 

Magnesium Chloride 

Sodium Sulfate 


0 

—1 21 

0 

-1 2 1 

0 25 

-<» 84 

0 25 

— I 60 

0 5 

-0 56 

u 5 

--1 72 

1 o 

- -0 40 

1 0 

- 1 80 

2 0 

+0 03 

2 0 

—1 88 

3 0 

+0 (10 


* 9 -* 

Ammonium Sulfate 

Magnesium Sulfate 

O 

— I 21 

O 

--i 21 

O 25 

— i 61 

O 25 

— 146 

0 5 

—1 76 

O 5 

52 

1 0 

—1 90 

l O 

-153 

2 0 

—-2 04 

2 O 

—139 

3 0 

15 

* O 

—1 ij 

4 0 

—2 24 




ion effect of sulfates and the increasing effect of chlorides on acid 
solutions, and the interesting similarity of the distribution of the 
plots between the sulfuric acid salt systems and the hydrochloric 
add salt systems. We are not prepared to offer an explanation for the 
above but are in agreement with the statement made by Harned 1 that 
“when more complete thermodynamic data arc available, the calculation 
of equilibria in concentrated solutions will be rendered possible," and 
that if, as he has indicated “the thermodynamic degrees of dissociation 
or activities are a simple function of the ionic hydration values, the whole 
behavior of a concentrated solution of an electrolyte will become ex¬ 
plicable." 

The peculiar effect of magnesium salts is interesting, especially in that 
the concentrations for bends in the curves are in each case between 0.5 
and 1 molar. We have tried to find an explanation for these peculiarities 
in Jones' “Hydrates in Aqueous Solutions."* Jones states, “Magnesium 
sulfate, like all the other sulfates studied, gives abnormal results. It ap¬ 
pears to form no hydrates in aqueous solution, notwithstanding the fact 
that it crystallized with seven molecules of water of crystallization. It is 
almost certain that this substance has considerable hydrating power, but 

1 This Journal, 40. 1481 (1918). 

* r1 t**m*aiA Turf. Pub 60 {j 007 ). 
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this is masked in our results by the large amount of polymerization which 
the sulfates undergo." 

Table VII. 

Effect of Salts upon the Concentration of Hydrogen Ion of o j N Hydrochloric Acid. 


Concentration of raJt. 


Concentration of salt 


Molar streofth. 

Log Cg + 

Molar strength 

Lo* Cg + 

Sodium Chloride. 

Potassium Chloride. 

O 

—1 038 

0 

—I 038 

I 

—0.88 

1 

—0 95 

2 

—0.7a 

2 

—0 85 

3 

—0 52 

3 

—0 75 

4 

—0.36 

4 

—0 63 

Ammonium Chloride. 

Lithium Chloride 

O 

—1 038 

O 

—I 038 

1 

—0 94 

I 

—0 81 

2 

—0 87 

2 

—0 60 

3 

—0 75 

3 

—0 35 

4 

— 0 65 

4 

-O 12 

Barium Chloride. 

Magnesium Chloride. 

O 

- 1 .038 

0 

- 1 O38 

0.25 

- O.96 

0 25 

— 0-73 

0.5 

— 0 88 

° S 

— 0 55 

0 75 

—0.80 

[ 0 

—0 55 

1 0 

—0 71 

2 0 

-to 005 



3 0 

+0 68 



4 O 

+ > -37 

Sodium Sulfate. 

Ammonium Sulfate. 

O 

—1038 

O 

— I 038 

O 25 

—151 

0.25 

— I .52 

0.5 

—165 

0.5 

—I .72 

1 .O 

—179 

I O 

—1 90 

2.0 

—1 .86 

2 O 

—2.05 

3.0 

—1.89 

3 O 

—2.14 



4 0 

—2 18 

Magnesium Sulfate. 



O 

—1.038 



0.25 

—1.36 



0.5 

—I 45 



I .O 

—I 47 



2 O 

—I 34 



3.0 

-1 .12 




The curve of freezing-point depression of magnesium sulfate plotted 
against concentration shows a depression to about 0.5 molar from which 
point the depression decreases for higher concentrations. In this respect 
there is a slight similarity to its decreasing effect on hydrogen ion concen¬ 
tration to 0.5 to 1 molar, beyond which it increases it. Magnesium chlo¬ 
ride, however, gave a similar effect on freezing-point depression, although 
not so pronounced as magnesium sulfate. 

We do not believe that the figures for hydrogen ion concentrations in 
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the presence of salts (except in dilute solutions) given in this paper, are 
the true values. They should be termed apparent concentrations of hy¬ 
drogen ion as determined by the method in general use at this date. 

Apparatus and Method. 

For the determination of the hydrogen ion concentration, a Wolff 
15,000 ohm bridge with a galvanometer to determine the null point was 
used. As hydrogen electrode, a No. 16 Brown and Sharpe gage platinum 
wire (platinized) fused in a glass tube inserted in the Clark 1 cell was used. 
The calomel element contained 3 5 molar potassium chloride solution 
saturated with calomel and was the same design as that described by 
Fales and Vosburgh. 8 Thee m f was determined hv means of a Weston 
cell that had been checked b> the Bureau of Standards The hydrogen 
contained in a tank under pressure, was carefully washed through saturated 
mercuric chloride solution, alkaline permanganalc, alkaline pyrogallol 
and a tower of cotton fibers The measurements were made at room tem¬ 
peratures which varied between 22 ° and 26°, the proper corrections being 
made. No correction for barometric pressure was made since this correc¬ 
tion is so small. 1 No attempt was made to calculate and corrrect for the 
solution contact potential because we know of no satisfactory method of 
doing so, especially where solutions containing divalent 10ns are concerned. 
It is emphasized, however, that the differences in effects reported in this 
paper cannot be attributed to sulution contact potential This point was 
demonstrated by Hamed, and Fales and Vosburgh 4 proved that there is 
no contact potential at 25 0 between a saturated solution of potassium 
chloride (4.1 M) and hydrochloric acid solutions ranging in concentra¬ 
tions between o. 1 molar and 1 o molar. 

The salt bridge between the hydrogen and calomel elements used in 
our measurements was a saturated solution of potassium chloride. 

We are greatly indebted to the Messrs A. F Gallun and Sons Company, 
of Milwaukee, for grants in aid of this investigation, and to the editor of 
This Journal for his helpful criticism of the manuscript 

Nkw York, N. Y 

* Clark, J Biol Chan , 23, 475 {1915) 

* This Journal, 40, 129 (1918) 

* See Hamed, hoc ctl 

4 Lot. ctl. 
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THE VAPOR PRESSURES AND FREE ENERGIES OF THE 
HYDROGEN HALIDES IN AQUEOUS SOLUTION; THE 
FREE ENERGY OF FORMATION OF HYDRO¬ 
GEN CHLORIDE. 

By Stuart J Bates and H Darwin Kirsuiman ’ 
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Contents i Purpose of the Investigation 2 Previous Determinations ^ 
Description of Method and Apparatus 4 Preliminary Kxpenriunts 5 Method 
of Computing tht Results ft I 4 xj>erimental Data and Computed \ apor Pressures 
7 Comparison with 1 ketromotm-Forte Data Y> Tht I ret P.mrg) of Formation of 
Hydrogen Chloride and of the I/>drog<.u Hahdis m Solution tj Summary 

1. Purpose of the Investigation. 

'Hie free energy of formation of tiie hydrogen halides at ordinary tem¬ 
peratures may be calculated readily by the aid of electromotive force 
data and of \ apor pressure measurements Thus, from the electromotive 
force of the cell H» (i atm ), HCl (t molal), Cl; (1 atm ). may lie calculated 
the free energy of i HCl m c molal solution By adding to this the free- 
energy increase attending the compression of i HCl from the pressure 
at which hydrogen chloride is in equilibrium with its c molal solution to 
a pressure of one atmosphere, the free energv of formation of hydrogen 
chloride is obtained 

The necessary electromotisc force data, m the case of h\ drogen chloride, 
have been determined with a considerable degree of accuracy, but, as 
pointed out by Ellis, 2 the existing data for the partial pressures of hydro¬ 
gen chloride alaive its aqueous solutions at 25 0 are not at all consistent 
This investigation was undertaken with the object of securing the neces¬ 
sary vapor pressure data. 

In addition the sapor pressures at 25° of hydrogen bromide and of 
hydrogen iodide above thtir aqueous solutions were determined. The 
previous data 1 for these acids are \ery fragmentary, none of it is at 25°. 
The absence of the necessary electromotive force data makes impossible 
the computation of the free energies of formation of these halides by the 
method employed for hydrogen chloride, fortunately it has been possi¬ 
ble to calculate tlie.se \ allies from other data. 

a. Previous Determinations. 

A comparison of the values determined by Gahl* at 25 0 and by Dole- 
F&lek 6 at 30 0 for the partial pressures of hydrogen chloride above its 

1 Dul’out Scholar, iqt8-19, Throon College of Technology 

5 This Journal, 38, 717 (1916) 

* Bodcnslcni and Geiger. / ph\s>k t hem . 49, 70 (1904), StegmuHtr, Z EUklro- 
r ktm , 16, 85 (19m) 

4 Z pkyiit Chtm , 33, 17S (1900) 

* Ibid , 26, 334 (1898) 
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aqueous solutions indicates inaccuracy in the methods of one or of both 
of these investigators. Thus from Dolezalek’s results Linhart 1 calculated 
the vapor pressure of a solution containing 6.75 mois of hydrogen chloride 
per 1000 g. of water to be 0.27 mm. at 25°, while Gahl determined the 
vapor pressure of a solution of this concentration to be but o. 08 mm. 

Dolezalek’s method consisted in passing a mixture of hydrogen and 
oxygen generated by the electrolysis of a potassium hydroxide solu¬ 
tion through saturators filled with the hydrochloric add, and then, through 
an apparatus for absorbing the hydrogen chloride. The volume of the 
gases passed was calculated from the difference in weight of the gener¬ 
ating apparatus before and after a run. The hydrogen chloride was ab¬ 
sorbed in standard potassium hydroxide solution and its amount deter¬ 
mined by titrating back with arid. Eight to fifteen liters of gas were 
passed in from 5 to 8 hrs. In this way vapor pressures at 30° of hydrogen 
chloride above its aqueous solutions from 5 to 10 N were determined. 

Gahl investigated the vapor pressures at 25 0 of hydrogen chloride in 
equilibrium with its solutions from 1 to 6 N. He passed a mixture of 
hydrogen and oxygen generated by the electrolytic decomposition of a 
potassium hydroxide solution through saturators filled with hydrochloric 
arid and then through a conductivity cell containing about one cc. of 
water. The volume of gases passed was calculated from the quantity 
of electricity used in decomposing the potassium hydroxide solution. 
The gases were bubbled through saturators consisting of spiral tubes 
about one cm. in diameter. The amount of hydrogen chloride taken up 
by the water in the cell was determined by measuring the conductivity 
of the resulting solution. 

3. Description of Method and Apparatus. 

The method employed in this investigation was to determine the hy¬ 
drogen halide contained in a given quantity of air* in equilibrium with 
its aqueous solution and compare this with the amount of water vapor 
which the same air contained when in equilibrium with pure water at 
the same temperature. From a knowledge of the vapor pressure of 
water at the temperature of the experiment, the vapor pressure of the 
halide may then be computed. 

The air was first passed through a preliminary saturating apparatus 
which consisted of a series of 3 Emmerling tubes containing glass beads 
and partially filled with a solution of arid of the same concentration as 
that used in the saturator. From these tubes the air was led into the 
saturator; this was of the type designed by Berkeley and Hartley* with 

1 This Journal, 39, 2601 (1917) 

1 Nitrogen was employed in the case of hydrogen iodide. 

• Proc Roy Sot London, 77, 156 (1906) 
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the modifications made by Washburn and his associates. 1 The chief ad¬ 
vantage of this type of saturator is that the air does not bubble through 
the solution, but passes over it and along the walls of the vessel which 
are being continually wet with the solution. In this way more complete 
saturation is obtained than in the more commonly employed air-bubbling 
method, and danger of carrying spray over into the absorber is greatly 
reduced. Indeed, as was shown in this investigation, it is made entirely 
negligible. The total length of path over which the air travelled in 
passing through the saturator was about 140 cm. Each of the first 5 
limbs of the saturator was about V* filled by placing in it 30 cc. of add 
solution while the last limb contained only 10 cc. 

The hydrogen halide was then absorbed from the saturated air by 
passing the latter over a dil. sodium hydroxide solution contained in a 
small two-limbed absorber. This was similar in construction to the satura¬ 
tor and contained about 10 cc. of the solution in each limb. The solutions 
employed contained no detectable trace of halides; their concentrations 
varied from o. 1 to 0.5 N, depending upon the amount of halide which 
was to be absorbed. 

After the absorption of the hydrogen halide gas, the air, already almost 
saturated with water vapor, was completely saturated by passing it through 
a saturator of the same type and size as that used for the halide satura¬ 
tion. The amount of water contained in this air was determined by ab¬ 
sorbing it in a series of 4 U-tubes, the first of which contained calcium 
chloride, the others broken puinice stone moistened with cone, sulfuric 
add. 

The saturators and the halide absorber were in a thermostat mounted 
on a rocking device which oscillated about 30 times a minute. The U-tubes 
for absorbing the water were outside the thermostat. To avoid possible 
condensation of water vapor, the tube connecting the last saturator with 
the U-tubes was kept at a slightly higher temperature than the thermostat 
by passing a small electric current through a wire wound around it. 

Finally, the air passed through a roughly calibrated gas meter. This 
served to indicate the approximate rate of flow of the air through the 
system. 

On account of the oxidizing action of air upon hydriodic add, nitrogen 
was employed as the inert gas in the experiments upon this halide. An 
apparatus similar to that described by Hulett’ was employed to Teduce 
to a negligible amount the small percentage of oxygen which the commer¬ 
cial nitrogen contained. Before starting a run the air was swept out of 
the preliminary saturating apparatus and the connecting tube by means 
of hydrogen, and a current of this gas was passed through the saturator 
1 This Journal, 37, 309 (1915) 

•Mi.. *9. 1 At* 
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while the hydriodic acid was being transferred to it. In spite of these 
precautions the more concentrated solutions became slightly brown be¬ 
fore the run was started. During the run the oxidation did not increase 
to a noticeable extent. In order to determine the maximum effect of 
oxidation a modified run on 9.3 rnolal acid was made. In this run the 
precautions observed in filling the apparatus were not taken and the 
small amount of oxygen contained in the nitrogen was not removed. The 
gases from the saturator were passed over carbon tetrachloride contained 
in the absorbing device. The iodine taken up by the carbon tetrachloride 
amounted to less than 2% of the total iodide found in the absorber at 
the end of a regular experiment in which acid of the same concentration 
was employed. In the latter ran the amount of oxidation, as indicated 
by the color of the solution in the saturator was very much less, the re¬ 
sulting error was certainly less than o 5 r . 

In each of the determinations from go to 200 liters of air or nitrogen 
was passed through the system at rates of 7 to 10 liters per hour. At 
the end of a run the water absorbers were immediately removed and 
weighed. The solution in the absor 1 >er for the hydrogen halide was 
poured into an fjrienmeycr flask, and the absorber rinsed with four 10 cc. 
portions of distilled water; this was shown by tests to be ample to remove 
all halides. When more than about o 001 equivalent of halide was present 
in the absorber, it was determined by the standard method of Gooch. 
Smaller amounts were determined by the method of McLean and Van 
Slyke, 1 modified as follows. The halide was precipitated in the presence of 
a known amount (about one gram) of free nitric acid with an excess of 
0.025 A’ silver nitrate solution. After coagulation of the colloidal pre¬ 
cipitate had been accomplished by shaking the mixture for a few seconds 
with two drops of caprylic alcohol, the silver halide was removed by fil¬ 
tration through a Gooch crucible. The excess silver nitrate contained in 
the filtrate was titrated with 0.01 N potassium iodide which had been 
standardized against the silver nitrate solution. Just before titration 4 
cc. of trisodium citrate solution 5 was added for each gram of free nitric 
add present. Under these conditions, using starch as an indicator, 0.05 
cc. of 0.01 N potassium iodide gave distinct color change in 15a cc. of 
solution. 

The concentrations of the hydrochloric and hydrobromic add solu¬ 
tions whose vapor pressures were determined were found by titration 
against sodium carbonate. In the case of the hydriodic acid, the concen¬ 
trations were determined by diluting a weighed amount of add and titra¬ 
ting the resulting solution against 0,05 N silver nitrate solution, by the 

1 This Jowrnai., 37, 1128 (191s). 

* McLean and Van Slyke, I.nc at. 



FREE ENERGY OF FORMATION OF HYDROGEN CHLORIDE. 1995 


method of McLean and Van Slyke. The acid solutions employed were 
obtained by redistilling Baker’s c. p. acids, the first and last portions of 
the distillates being rejected. 

4. Preliminary Experiments. 

Preliminary experiments were made to determine the effectiveness of 
the saturator and of the absorber. To test the degree of saturation of 
the air with the hydrogen halide, three runs were made employing the 
same solution of hydrochloric acid. In each of these runs about 100 
liters of air was passed through the system at rates of 5, 10 and 20 liters 
per hour, respectively. The vapor pressures thus determined agreed with 
one another to within 2To further test the saturation, the preliminary 
saturating device was temporarily removed and a run made. The value 
given by this experiment was within i r ' c of those previously found. The 
experiments of Washburn and Heuse 1 show that the method of satura¬ 
ting the air with water vapor is efficient and reliable. They passed air 
through similar saturators at a much faster rate than that used in this in¬ 
vestigation and obtained equilibrium conditions. Thus in one experi¬ 
ment air was passed at a rate of 27 liters per hour. The difference be¬ 
tween the vapor pressures of water as given by two such saturators in 
series was o 02 c £. 

The efficiency of the absorber was demonstrated by the fact that, when 
60 liters of air was passed through the apparatus at a rate twice as great 
as that used in the final experiments, no determinable amount of chlorine 
was found in a second absorber. It was further tested by examining the 
water contained in the water saturator. If the hydrogen halide were 
not completely removed from the air during its passage through the ab¬ 
sorber containing the sodium hydroxide solution, it would be largely 
taken up by the following part of the system, namely, the water satura¬ 
tor. After 3 runs had been made without renewing the water in the 
saturator, it was tested and found to yield less than 0.002 milli-equivalent 
of halide. 

In order to make certain that none of the acid solution was being car¬ 
ried from the saturator to the absorber in the form of spray, a run was made 
111 which the saturator contained 4 molal potassium chloride. Although 
the air was passed through the system at a rate greater than that em¬ 
ployed in the final experiments, no trace of halide was found in the ab¬ 
sorber at the end of the run. 

Differential manometers placed between various parts of the system 
''bowed that any pressure differences in the system were less than o. 1 
mm, of mercury. In the final experiments the manometers were not 

used. 

1 This Tou*k*i »» < -' 
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5. Method of Computing the Results. 

In computing the results from the experimental data it is assumed 
that the water vapor and the hydrogen halide gas at the low pressures 
involved obey the perfect-gas law. The error introduced by these as¬ 
sumptions is less than the errors of the experimental method. 

The vapor pressure pi of hydrogen halide in its solution, which is equal 
to the partial pressure of hydrogen halide in the air in equilibrium with 
it, is given by the familiar expression 

pitii = iVi RT. (1) 

Here Ni is the number of mols of hydrogen halide contained at the tem¬ 
perature T in the volume of air v\ which passed through the hydrogen 
halide saturator. For the water vapor we have the similar expression 

PM = NtRT. (2) 

Here vs is the volume of the air as it passes through the saturator for water 
vapor. The volumes i'i and v-> differ slightly, for, though the total pressure 
in the two saturators is substantially the same (as shown by the differ¬ 
ential manometers), the partial pressure of the air is p a — p, — Pi as it 
leaves the hydrogen halide saturator, and p a — pi as it leaves the water 
saturator, p tt being the barometric pressure and p s the vapor pressure of 
water above the acid solution. Since the quantity of the air is the same 
in the two cases, its pressure-volume product must be the same, t. e., 

( P 0 “ P, ~ Pi)vi = (F. — PrW (3) 

By combining Equations 1, 2 and 3, the following expression for pi re¬ 
sults: 

Ni ( p a - pt) 

For pi, the vapor pressure of pure water, the values 23.76 mm. and 
31.85 mm. were employed at 25° and 30°, respectively. The vapor 
pressure of water in equilibrium with the acid solution p„ was in the case 
of hydrogen chloride, interpolated from the values given by Linhart- 1 
For solutions of hydrobromic add and of hydriodic acid it was assumed, 
because of lack of the desired data, that the values of p, are the same 
as those for hydrochloric add of the same concentrations. It was deter¬ 
mined from the freezing-point curves for solutions of these 3 halides and 
also from a comparison of the vapor pressure results obtained in this in¬ 
vestigation. that the maximum error in the values thus chosen for p, 
is 20%. Such an error would cause an error of less than 0.3% in the 
values calculated for the partial pressures. 

6. Experimental Data and Computed Vapor Pressures. 

The experimental data and the calculated vapor pressures are given 
in Table I. In this table M is the concentration of the add solution 
' This Journal, as, 2607 (1917) 
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Table I.— 

Experimental Data on the Vapor Pressure or the Hydrogen 


Halides above Thbie Aqueous Solutions 


.u. 

c 

EX 10* 

W 


*w 

D% 

Hydrochloric Acid at 25 ° 






3 3 40 

3 031 

O 0521 

2 870 

O 00780 

0 00002 

+0 3 

3 952 

3 636 

0 0983 

2 453 

0 01724 

O 00006 

—O 3 

5 041 

4 37 ° 

O 3118 

2 416 

O 0557 

O 0003 

+0 S 

5 364 

4 834 

O 3259 

I 781 

O 0791 

O 0027 

+3 3 

6 Oi8 

5 359 

0 7085 

3 063 

O 1487 

O 0066 

+4 6 

h 270 

5 559 

0 7552 

I 895 

0 1727 

0 0067 

—3 7 

6 457 

5 706 

0 983 

2 073 

0 206 

0 007 

—3 3 

7 148 

6 738 

1 069 

1 206 

0 385 

0 0^3 

—3 3 

8 137 

(1 980 

3 68? 

I 602 

0 999 

0 0x5 

+3 6 

8 95 ° 

7 546 

4 970 

I 175 

I 819 

0 031 

—I 6 

9 960* 

8 248 

9 643 

1 043 

4 012 

0 071 

—1 7 

9 071* 

8 256 

9 fi6 

0 961 

4 1*7 

0 007 

+ 0 2 

9 990 

8 270 

19 483 

I 98s 

4 260 

0 079 

+ 1 9 




Average percentage deviation *= 

2 8 

Hydrochloric Acid at 30° 






5 569 

4 990 

0 4137 

1 620 

0148 



7 3 3 9 

6 364 

1 093 

0 895 

0 712 



8 726 

7 364 

6 768 

1 310 

2 6l 



q 286 

7 764 

6 789 

1 139 

3 47 



Hvdrobromic Acid at 23" 






5 851 

5 076 

0 0130 

3 *95 

0 00133 

0 00024 

+ 16 

6 394 

5 482 

0 0165 

2 250 

(0 0032) 


(+ 35 ) 

7 632 

6 374 

0 0333 

2 497 

O OO58 

0 0006 

— IO 

8 315 

6 845 

0 0617 

2 338 

0 0115 

0 0003 

—3 

8 335 

6 850 

0 0866 

2 8ll 

0 0134 

0 0016 

+ 13 

9 '43 

7 393 

0 118 

2 217 

0 02X2 

0 0023 

-—IO 

9 655 

7 730 

0 349 

2 337 

O 0466 

0 0037 

+s 

10 440 

8 221 

0 460 

2 261 

0 0888 

O 0009 

+1 

10 930 

8 546 

0 70J 

2 155 

0 143 

O 001 

— I 




Average percentage deviation «* 

7 

Hydnodic Acid at 25 






5 971 


0 0041 

3 529 

O 00051 

O 00008 

—16 

6 038 


0 0033 

2 696 

0 00053 

O 00007 

—13 

6,171 


0 0064 

2 974 

0 00093 

0 OO 022 

+»3 

7 586 


0 0195 

2 388 

0 00355 

0 00025 

—7 

8 697 


0 1187 

2 692 

0 0192 

O OOIO 

+5 

9 351 


0 167 

2 687 

(0 0371} 


(—98) 

9 332 


0 335 

» 779 

0 0536 

O OO46 

+* 

9 776 


0 386 

2 728 

0 0937 

0 0018 

—2 




Average percentage deviation *» io 

* Solutions saturated with calomel 




expressed in rools per 1000 g. 

of water, 

C the concentration in mote per 

liter, E the equivalents of halide found in the absorber, TV the weight in 

g, of water oHo~4— J 

1 _A*- 

** * 
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of the hydrogen halide in millimeters of mercury, D mm and D % the devia¬ 
tions, in mm. and in percentages, of the individual values from the smooth 
curve obtained by plotting the experimentally determined values of 
log p against those of M. 

The irregularities in the above results arise to a large extent from the 
analytical methods employed Thus, the percentage error in the deter¬ 
mination of the concentration of the acid employed, is increased 6 to 10 
fold when expressed as a deviation of the vapor pressure results At the 
lower concentrations, partieularlv in the case of hydrogen bromide and 
iodide, the minute amounts of halide present in the absorber could be 
determined with an accuracy of about to' only. 

The vapor pressures for hydrogen chloride at 25° given in Table I 
are two or three times as great as those interpolated at corresponding 
concentrations from Gahl's data It is impossible to point out specific 
causes of error in Gahl's method because he apparent!v did not test the 
efficiency of his saturators and because he gives no data showing the con¬ 
cordance of liis results, nor details such as the rate of flow of gases through 
his apparatus, the volume of gases passed, etc As already stated, Kills 
pointed out that Gahl's results were not consistent with the electromotive 
force data. 

In order to test the accuracy of the values found by Dolezalek, the 4 
determinations at 30 0 were made The results obtained are more con¬ 
sistent with each other than are l)ole/.alek’s, and on the average differ 
from the values interpolated lrom the data of that investigator by about 
40%; in fact, at certain concentrations the values given by Dolezalck 
for 30° are approximately equal to those interpolated for 23 °, from the 
results of this investigation The above v apor pressures at3o° were compared 
with those at 25 0 by the aid of the van’t Hoff equation The average 
differences between the 4 values obtained at 30° and the corresponding 
results calculated from the experiments at 25°, is 8' This is not large 
considering the character of the data, particularly the uncertainty of the 
theraochemical values involved. 

Tabus II Vapor Presnires op the Hydros bn Hamdhs at 25° at Round 

Concentrations 




Vapor pressure in mm 


jviois per 

1000 g HiO 

HC1 

Hlir 

HI 

4 0 

O 0182 



5 0 

0 OS 30 



6 0 

0 140 

O OO151 

O OOOS 7 

7 0 

0 .148 

O OOJJO 

O OOl8,2 

8 0 

0 S44 

0 OC189 

O 0065 

9 0 

> 93 

O 0226 

O 0295 

10 0 

4 20 

O 059 

O 13? 

11 0 


O Igl 

, . . » . 
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The vapor-pressure data at 25 ° were interpolated to round concentra¬ 
tions by means of the curves employed for determining the deviations. 
The interpolated results are given in Table II. 

7. Comparison with Electromotive-Force Data. 

The vapor-pressure data for hydrogen chloride may be compared with 
the electromotive-force measurements of hydrochloric 1 acid concentra¬ 
tion cells in the following manner. The free-energy decrease attending 
the transfer of 1 HC 1 from a solution c molal to a solution 0.1 molal* 
is given by the expression 

-AF = EF (4) 

where E is the electromotive force of a cell m which the above change in 
state takes place and F the talue of the faradav. The same free-energy 
decrease may lie expressed also by means of the equation 

— &F = RTlogj p/pa (5) 

where p and p 0 ( are the vapor pressures of hydrogen chloride above its c 
molal and its o. x molal solutions, respectively 

From Equations 4 and 5 the relation 

EF = RT log, P'Pa , 

follows. Hence 

EF 

log 10 p = logio P 0 1 + -— (6> 

2 303 RT 

Therefore the graph obtained by plotting values of log] op against corre¬ 
sponding \alues of E should be a straight line having the slope 

FI 2.303 RT. 

The desired values of E may be readily calculated from the results 
of Ellis* and of Linhart. 3 Both of these investigators determined the elec¬ 
tromotive force at 25° of cells of the type 

Hj(i atm.), HC 1 (c molal), HgsClj + Hg 
over a considerable concentration range. By subtracting the electro¬ 
motive force of the cell in which the concentration is c molal, from that 
of the similar cell in which the concentration is o 1 molal, the quantity 
R which is to be substituted in Equation 6 is obtained. These values 
were calculated and plotted against concentrations expressed as mols 
per 1000 g. of water. The results of Ellis and of IJnhart are in good agree¬ 
ment with each other. From this graph values of E corresponding to 

1 There we no corresponding data for hydrobromic acid or liydriodic acid con- 
o "trabon cells 

1 The results could be referred to a solution of anv other concentration within the 
' ‘age of .the E M F data, the concentration o 1 molal offers particular advantages for 
bn. free energy calculations which follow. 

* hoc . ctt . 
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the concentrations at which the vapor pressures were experimentally de¬ 
termined were read off and plotted against values of logi«p. 

At concentrations below about 7.15 molal the agreement is entirely 
satisfactory, the points lie on a straight line having the slope required by 
Equation 6. Above this concentration they continue to lie on a smooth 
curve but not upon the straight line. This deviation can be accounted 
for only by assuming an error in either the electromotive force or the 
vapor-pressure data or in both. 1 This portion of the curve is founded 
upon 2 electromotive-force measurements and 5 vapor-pressure determina¬ 
tions. Of the latter 3 at 10 molal have an average deviation of 1.3%. 
An error of 10% in the vapor-pressure data, of 3 millivolts in the electro¬ 
motive-force data or of 1% in the concentration of the acid would explain 
the discrepancy. 

Because of the uncertainty of the data for the solutions more concen¬ 
trated than 7.15 molal, only the results obtained within the range in which 
the electromotive force and vapor-pressure data show good agreement 
were employed to calculate P 0 1, the vapor pressure of hydrogen chloride 
above its 0.1 molal solution; this value is employed in the free energy 
calculations which follow. From the experimental result at each of the 
8 concentrations below 7.15 molal, the vapor pressure of 0.1 molal hy¬ 
drogen chloride calculated by means of Equation 6. The mean of these 
valuesis2.23 X io”‘ mm.; the average deviation from the mean is 3.4%, 
the probable error 1.2%. 

8. The Free Energy of Formation of Hydrogen Chloride and of the 
Hydrogen Halides in Solution. 

The free energy of formation of hydrogen chloride may now be ob¬ 
tained by adding to the free energy of 1 HC 1 in o. 1 molal solution, which 
has been computed by EUis 1 to be —34, 330 calories, the free energy in¬ 
crease which results when the pressure is increased from that which the 
hydrogen chloride has above its o. 1 molal solution to a pressure of one 
atmosphere. This free energy increase is found by the equation A F “ RT 
log (760/2.23 X to - ') to be 11,630 calories. Hence the free energy of 
formation at 25° of hydrogen chloride is —22, 700 calories. 

The free energies of the hydrogen halides in solutions of various concen¬ 
trations at 25 0 are given in Table III. The values for hydrogen chloride 
up to and including 4 molal* were interpolated from the results of EUis. 

1 In the electromotive-force determinations the hydrochloric acid solutions which 
were in contact with the calomel electrodes were saturated with calomel. Experiments 
showed that the effect of dissolved calomel upon the vapor pressure of 10.0 molal hydro¬ 
chloric add was negligible. See Table I. 

*Uc. tit. Table X. 

* Free energies for solutions more dilute than o. 1 molal may be computed from the 
electromotive-force measurements of Noyes and EUis (Tmi JOURNAL, 39 , ijjj (1917). 

- «... • /"'f -- -/-\\ 




FRBB BNEROY OH FORMATION OF HYUROUBN CHLORIDE. 


2001 


III. — Freb Energies or Hydrogen Halides in 

Solution at 


Concentrations at 25°. 


nfrf 


Free energy in calories 


mow per 

1000 s H*0. 

HCI. 

HBr. 

hi 

O I 

—34330 

27550 

—-15260 

0 5 

—32500 



1 0 

—31590 



2 0 

—30510 



3 0 

—29690 



4 0 

- -39100 



5 0 

—28365 



6 0 

—27790 

—20365 

-8035 

7 0 

—27250 

— 19830 

—7360 

8 0 

—26723 

— 19300 

—6600 

9 0 

—2623s 

—18760 

—5700 

lo 0 

—25775 

— 18190 

—4815 

11 0 


— I7&35 


energy of formation of gaseous halide 



- 22700 

—12592 

+310 


At the higher concentrations the free energies were computed by adding 
to the free energy of i HCl(g), the free energy of expansion from a pressure 
of one atmosphere to a pressure equal to its partial pressure in the solu¬ 
tion in question. The free energies of hydrogen bromide and of hydrogen 
iodide were calculated in a similar manner; the free energies of forma¬ 
tion of i HBr(g) and of i HI(g) were taken as —12592 and +310 calories, 
respectively. 1 The free energy of hydrogen bromide in o 1 molal solu¬ 
tion was computed from the results of Lewis and Storch,* that of hydrogen 
iodide from the free energy of the iodide ion. J 

9. Summary. 

1. Determinations have been made of the vapor pressures of hydro¬ 
gen chloride, of hydrogen bromide and of hydrogen iodide above their 
aqueous solutions between the concentrations 3.2 and 10.0 molal, 5.8 
and n .0 molal, and 6.0 and 9.7 molal, respectively, at 25° and of hydro¬ 
gen chloride between 5.5 and 9.2 molal at 30°. 

2. By the method employed partial pressures as small as 0.001 mm. 
were determined with an accuracy of a few per cent. 

3. The vapor-pressure measurements of hydrochloric add solutions 
between 3.2 and 7.15 molal are in good agreement with the electro¬ 
motive-force data for hydrochloric add concentration cells. 

4. The free energy of formation at 25 0 of hydrogen chloride is —22,700 
calories. 

5. The free energies at 25° of the halide adds in aqueous solutions of 
various concentrations are given. 

Puunu. Cal. 

1 Lewis and Randall, This Journal, 36, 2259 (1914); Ibid., 38, 3348 (1916). 

* This Journal, 39, 3544 (1917). 

* Ijwm Attri *• 
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[Contribution from thb Wolcott Gibbs Memorial Laboratory of Harvard 

University.] 

THE DIELECTRIC CONSTANTS OF TYPICAL ALIPHATIC AND 
AROMATIC HYDROCARBONS, CYCLOHEXANE, CYCLO¬ 
HEXANONE, AND CYCLOHEXANOL. 

By T. W. Richards and J. W. Shipley 
Received October 6, 1919. 

Tliis investigation is part of an extended research which has as its ob¬ 
ject the study of the properties of a large number of related carbon com¬ 
pounds. 

The simplest method for the measurement of dielectric constants de¬ 
pends upon the comparison of the capacities of a given condenser when 
air, a standard substance, and the substances to be studied are successively 
placed between the condenser plates. As developed by N trust' and his 
pupils the essential apparatus consists of a bridge, in which capacities as 
well as resistances are balanced. Into one arm of the bridge are placed 
two condensers in parallel, one consisting of two brass plates between which 
slides a movable glass plate whereby it is possible to vary the capacity of 
the condenser at will, the other of a vessel containing the liquid to be 
measured, between two metal plates. Into the other arm of the bridge is 
placed a balancing condenser. The details of tliis method have been so 
frequently described that it is unnecessary to repeat them here. 2 

The principal objection to the method lies in its narrow application, 
since a sharp minimum on the telephone receiver is not obtainable when 
a good conductor fills the vessel. The method was nevertheless chosen 
for the present work, because the major portion of the liquids to be studied 
were very poor conductors. For such it offered the readiest and most ex¬ 
act method for determining their dielectric constants. 

The apparatus used was based upon that described by Nernst, but 
the arrangement was modified so as to secure greater percentage accuracy. 
The most important modification consisted in the use of larger and more 
similar balanced capacities in each arm of the bridge, thus gaining better 
minima of sound in the telephone, and a larger range of the insulating 
glass plate of the variable condenser. The larger capacities consisted 
of very narrow troughs, each possessing two nickel-plated brass plates 
about o.6 mm. apart, firmly cemented upon glass plates and held apart 
as well as retained in position by strips of glass around the edges, the 
whole presenting a deep, very thin layer of dielectric between the condenser 
plates, which possessed considerable electrical capacity. The use of similar 
1 Nernst, Z. physik. Chem , 14, 622 (1894). 

’ B. B. Turner, Ibid., 35, 385 (1900). More fully in Dissertation, Gottingen, 190a; 
Philip, Z. phjsib. Chem., 24, 19 (1897); Badeker, Ibid., 36, 305 (1901); Cauwood »wi 
W. E. S. Turner, J. Chem. Sac., 107, 276 (1915), etc. 
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troughs of this kind on each side of the bridge greatly promoted precision 
of the end-point. In the first arrangement (troughs E and E'j the glass 
strips forming the edges of each trough intruded somewhat between the 
brass plates, but this intrusion was undesirable, for several reasons, caus¬ 
ing an uncertainty in the capacity, doubt as to the attainment of exactly 
the same surface on successhe fillings, and several minor difficulties. 
Accordingly, the first troughs thus constituted were soon rejected, and 
most of the work was done with two pairs of troughs (F and F', G and G'j 
in which the opposing surfaces of the metal plates were entirely free from 
cement. The strips of glass which held the metal plates apart were several 
millimeters from their edges, and wtre cemented only to the glass plates. 
Two sizes were made, the area of the plates in F and F' being each 7.5 X 
4 6 cm , and the area of the plates in the smaller pair of troughs (G and G') 
being 70X40 cm The cement used was a commercial cement made 
entirely of inorganic materials and intended for cementing glass and por¬ 
celain. After having been cemented, the troughs were dried for 10 days 
at a temperature of about 90°. This cement w as perhaps not the best con¬ 
ceivable, but it was entirelv insoluble in the liquids employed, and the 
electrical capacities of the troughs thus made remained essentially the same 
at the end as it was at the lie ginning of the work, thus showing that the 
apparatus had served its purpose satisfactorily. 

As is well known, the use of a suitable interrupter and telephone re¬ 
ceiver is of great importance in this method. Instead of using the ordinary 
conductivity-telephone receiver, we tested several commercial telephone 
receivers intended for long distance wireless telegraphy, and found by ex- 
jierience one which worked admirable in conjunction with our interrupter 
and gave results of great precision, being sensitive to within 0.1 mm. 
on the condenser-gTaduatiou The interrupter was of the type used by 
earlier experimenters—a fine, platinum wire stretched to suitable tension 
between two vertical posts, the wire being wound in the middle for a 
•cw millimeters with fine, iron wire, to be attracted by the solenoid magnet. 
This was regulated so that the pitch was exceedingly' high, almost at the 
upper limit of audibility. 

In each case the two similar troughs, one to contain the substance 
1" be studied, and the other to sene as a balance or "tare-capacity,” 
were placed in a carefully insulated constant temperature air bath, which 
m insisted of a moderately roomy rectangular glass vessel within a second 
huger glass vessel, also rectangular, supported upon the bottom of the 
brier by two glass "horses ” The space between the two rectangular 
'cssels was usually filled with’water, to help in maintaining constant tem¬ 
perature. The condenser-troughs stood vertically edge to edge on the bot¬ 
tom of the air-chamber (the inner rectangular vessel) and during an ex¬ 
periment did not in any respect change ftuw -’ 
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other or to the different parts of the apparatus. In order to eliminate as 
far as possible the effects of changing humidity upon the troughs, they 
were surrounded by a dry atmosphere. This was obtained by passing a 
stream of dry air through a coil of tubing in the bottom of the outer vessel 
and down inside of the inner one. The air escaped in a series of holes from 
a horizontal branch lying along the bottom of the air chamber, and by pre¬ 
venting the access of the atmosphere of the laboratory obviated the neces¬ 
sity of an elaborate air-tight covering for the inner box. 

In a few cases where the amount of material was very small the old style 
of trough like that employed by Nernst (designated Z) was employed. 
Such results are, therefore, no better as regards precision than the work of 
that investigator, but within their limit of error they are exactly identical 
with those obtained with the larger capacity, as is shown by the results 
for cyclohexane. Since the more important reading is that of the variable 
condenser, the precision of the work is proportional to the range of this 
instrument, assuming equality of definiteness of sound in the telephone. 
The range was about 6-fold greater with trough G and 7-fold greater 
with trough F than in the case of the Nernst form Z. 

The thermostats of the heating system of the laboratory kept the room 
temperature constant to within about 0.5 0 on each side of the average, 
20 0 . This was quite near enough, since no appreciable change in the ca¬ 
pacity of the system was observed by changing the temperature by one 
degree, 1 except in the case of cyclohexanol, which will receive special dis¬ 
cussion in another paper. 

The whole apparatus was rested on sheets of ebonite; and the air bath 
was mounted on two glass rods lying on ebonite, and was arranged sym¬ 
metrically with regard to the variable condensers. No change whatever 
was made in the relation of the parts during a determination. The carrier 
containing the liquid whose dielectric constant was being determined was 
undisturbed even while being filled; it was charged and emptied by means 
of a small pipet and dried between trials by a current of dry air. In this 
way the effect of changing outside capacity was eliminated, for the read¬ 
ings for air, benzene, and liquid whose dielectric constant was unknown 
were made successively without disturbing any part of the system. It 
was found that this procedure was absolutely essential in order to obtain 
consistent results; strict compliance with this precaution is the key to 
success. 

As usual, the relative capacities of the several parts of the system varied 
slightly day by day, for no obvious reason. The variation was sometimes 
as much as one mm. on the condenser sc&e; but very seldom was any 
important variation observed during the time required for a full determina¬ 
tion. If any difference between the initial and final readings for air (al- 
1 See also Cauwood and W. E. S. Toner, J. Ckm. Soc., 107,378 (1915). 
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ways taken both before and after each determination) was observed, the 
determination was discarded. Probably the variations were due to change 
in the outside or balancing capacities with change of humidity, or to chang¬ 
ing electrical conditions. The dry air of the steam-heated laboratory is 
especially favorable to work of this kind, and we had less trouble in regard 
to accidental changes of capacity than usual. 

The water surrounding the air bath was temporarily replaced by oil 
without causing any change in the capacity of the system. Neither were 
the slight daily changes in outside capacity thereby eliminated. Owing 
to greater viscosity, its tendency to cling to glass, and its lower specific 
heat, oil was less convenient than water. 

Usually only the left vari¬ 
able condenser of the Nemst 
apparatus was varied, in 
order to restrict as much as 
possible any change in the 
relative positions of the parts 
of the apparatus. 

The connections, which 
were arranged as symmet¬ 
rically as possible, keeping 
the wires insulated and far 
apart, are indicated by the 
accompanying diagram. Here 
A is the interrupter; B and 
B', the two large resistances 
composed of a solution of 
boric add and mannite; C 
and C', two other similar 
resistances forming the other 
arms of the bridge; D and 
D', variable condensers; E 
and E', two narrow troughs 
serving, one as container for the liquid to be studied, and the other as 
balancing capadty (which were in the constant air chamber); and T, the 
telephone receiver. 

The variable condenser scale D was calibrated in the following manner: 
A strip of glass (a microscope mounting slide) large enough when intro¬ 
duced between the plates of the condenser to cause a change in capadty 
equal to about one cm. on the variable condenser scale was alternately 
slipped in and out of the trough E, each time in predsely the same posi¬ 
tion. By moving the right hand variable condenser, this constant ca¬ 
padty could be measured on **-- . .. 
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whose scale was thus calibrated along its entire length. A curve, plotted 
with corrections as ordinates and the scale readings as abscissas, yielded 
the corrections applied to the results. 

The gravest source of error in using the apparatus was found to result 
from altering the relative positions of the electrodes in the liquid resistances 
of the Wheatstone bridge when a substance possessing considerable con¬ 
ductivity was introduced into the containing trough. The capacity of 
these liquid resistances between the electrodes changed considerably when 
the electrodes approached each other very closely, and also when the con¬ 
ductivity of the liquids in these tubes was increased. The latter fact was 
determined by adding sodium chloride to the boric aeid-mannite solution 
and reading the change in capacity on the variable condenser scale as the 
relative position of the electrodes in the liquid resistance was altered . 1 
The phenomena were studied quantitatively, and the exact range over 
which the resistances could be varied without appreciably changing the 
capacity was noted. The details need not be discussed here; it is enough 
to say that no determinations involving conditions beyond the permissible 
range were accepted as valid. 

Each of the resistances C and C' (in the diagram) possesses two tubes, 
a wide one for coarse adjustment, and a capillary one containing only a 
fine wire for adjustment, or for very great resistances. In the cases of most 
of the substances studied the fine wire electrode alone was used, and so 
low was the conductivity that a change of only a few millimeters was needed 
to balance the conductivity of the liquid in the trough. This produced 
only a very small change in the capacity. 

The standard substances used for comparison in this research were 
benzene and ether. Toluene also served as a standard of reference, since 
its dielectric constant is accurately known. It was especially used in test¬ 
ing the efficiency of the troughs, being convenient on account of its lesser 
volatility. The results were calculated by means of the following equation :* 

D, ~ (Obtni*nc l) V"- ~ c - + I 

where D s is dielectric constant of the substance; St, the corrected reading 
on condenser for substance in trough; S the corrected reading for air in 
trough; and 5 * the corrected reading for benzene in trough. The dielec¬ 
tric constant of benzene at 20° was taken as 2.286, according to B. B. 
Turner’s careful investigation already quoted.* When ether was used as 

’ For another form of liquid resistance, which to some extent obviates this diffi¬ 
culty, see Nernst, Wied. Ann., 66, 6it (1897) 

* Nernst, Z. pkysik. Chem., 14, 612 (1894). 

* B. B. Turner, Loc. cit, His determination was at 18°; to this was applied a 

correction of —0.0007 per degree. See Ratz, Z. pkysik. Chem., 19, 104 (1896); also 
Cauwood and Turner, Loc. cit. Nernst found a lower value, 2.255 at 17*, but Turner's 
_—-u. ««a nnriMr tn Se more accurate. 
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a standard, instead of D btntm = 2.286 must be substituted JD etkCT = 
4*355, and St becomes the reading for ether. 

Source and Preparation of Materials. 

Benzene. —The best commercial c. p. benzene was further purified 
by shaking with 4 portions of cone, sulfuric acid, washing several times 
with water, shaking with mercury, washing yet again, and distilling. 
After two crystallizations the product was dried over sodium. Thorough 
drying is essential. No change in the dielectric constant was observed 
throughout the course of the research and the value for this sample was 
the same as that given by two more carefully purified products prepared 
for another purpose. 1 

Ether of good quality was washed several times with water, shaken 
with mercury until the surface of the mercury' was no longer blackened, 
and again washed. After drying over sodium it was distilled and kept 
tightly stoppered, over sodium in the dark. At the end of the research 
a portion of this sample was redistilled and its dielectric constant deter¬ 
mined. No change from that of the original sample could be observed. 

Toluene (the purest obtainable commercial material) was shaken 
with sulfuric acid, washed, shaken with cone, sodium hydroxide solution, 
again washed, and then shaken with mercury. After filtering, the toluene 
was dried over sodium and distilled. The product all came over between 
1 ro.r-r 10.6 0 (786 mm. pressure) and no difference in the dielectric constant 
of the different fractions could be detected. That fraction distilling 
between 110.4-110.5 0 was used for the various determinations of toluene. 

Hexane.-- Normal hexane (synthesized in this laboratory) dried over 
sodium, was distilled at a temperature of (>9.2 0 (758 mm. pressure) the en¬ 
tire product distilling within 0.3°. The dielectric constant was determined 
before and after the last distillation. 

Heptane.— A quantity of "heptane" of questionable purity, prepared 
by a well known German firm from petroleum, was dried over sodium and 
fractionated. The dielectric constants of the several fractions were de¬ 
termined in succession, as will Ije seen, all the fractions gave essentially 
the same value. The average boiling points of the samples I, II, III and 
IV were, respectively, ioo°, 98°, 97.6° and 96.5°. Probably the result 
represents an average value for several heptanes. 

Octane. —A quantity of 2,2,3-trimethyl pentane prepared by Dr. 
Latham Clarke was redistilled from sodium. The fraction 110.8-111,4 6 
(765 nun. pressure) was used. 

Decane. —Commercial diisoamyl was dried over sodium and fraction¬ 
ated. Two fractions, boiling, respectively, between 159.5-159.7 0 and 
•60.1-160.3° ^761 mm. pressure) were studied. 

1 Richards and Shipley, This Journal, 36,1826 (1914). 
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Xylene. —A sample of German “xylol" probably a mixture of a-> 
m- and p -xylene, dried over sodium, was fractionated, and the several 
fractions were determined. These fractions boiled over the following 
ranges: Xylene I, 137-137.7 0 ; Xylene II, 137.7-138.8°; Xylene III, 
138.8-139.6°. No differences in their dielectric constants'were found. In 
addition to this unsatisfactory material a sample of the_best obtainable 
m-xylene was dried over anhydrous copper sulfate and distilled, collecting 
the fraction between 138.8-139.2° (741 mm. pressure). As will be seen, 
it gave essentially the same result. 

Besides toluene and the m-xylene already mentioned, 5 other aromatic 
hydrocarbons with saturated side-chains were obtained in a high state of 
purity. These had been prepared synthetically at Harvard for the ex¬ 
press purpose of determining their physical constants and were the same 
samples as were used in the work on compressibility 1 and heat of combus¬ 
tion. 2 They were as follows: Ethyl benzene I (Fittig method), b. p. 

136.3- 136.4°, d™ 0.8678; Ethyl benzene II (Friedel-Crafts method), b. p. 

136.4- 136.5° (767 mm.), d<° 0.8697; Normal propyl benzene, b. p. 157.9- 
158.2° (765 mm.), d<° 0.8617; Isopropyl benzene (cumene), b. p. 152.6- 
152.8° (759 mm.), d^° 0.8620; Mesitylene, b. p. 164.8-164.9° (760 mm.), 
d|° 0.8634; Tertiary butyl benzene, b. p. 168.6-168.7° (759 mm.) df 0.8671. 

Cyclohexane.—Very pure cyclohexane was prepared for this research, 
made from benzene by the Sabatier-Sanderens reduction, and afterwards 
purified by often repeated recrystallization: (b. p. 81.3-81.5°, f. p. 6.4°, 
di° 0.7791). 

Cyclohexanone.—A quantity of this ketone had been prepared for 
the work on compressibility. 1 (B. p. 155 6-155.7°, 768 mm., dj° 0.9466.) 
Ketones are better conductors than the hydrocarbons and their dielectric 
constants are higher. Few ketones could be determined with our ap¬ 
paratus and of alcohols none but those of large molecular weight had 
conductivity low enough. 

Cyclohexanol, prepared at the same time as the cyclohexanone, was 
purified by fractionally crystallizing it in the absence of moist air. The 
freezing point of the best sample was 23.9 0 . Several samples were used, 
two of which had freezing points above 20°. Hence the temperature 
chosen for measurement was 25° in this case. The heat of fusion of cyclo¬ 
hexanol is so low that the presence of a very little water makes a marked 
depression in the freezing point; exposing to the air for a few minutes 
lowers its freezing point several tenths of a degree. Probably moisture 
from the air was not absolutely excluded, so that the results for this sub¬ 
stance cannot be considered corresponding exactly to a perfectly water- 
free sample. Fortunately the presence of a little water in this case ap- 
1 Richards and Shipley, This Journal, 38, 989 (1916). 

* Richards and Barry, Ibid., 37,997 (191)). 
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peared not to affect appreciably the value of the dielectric constant, pro¬ 
vided that the measurement was taken several degrees above the freezing 
point of cyclohexanol. 


The Constancy of the Apparatus. 

From time to time during the research, determinations of the dielectric 
constant of ethyl ether and of toluene were made as a check on the con¬ 
stancy of the apparatus. The data below give the results of these deter¬ 
minations, using benzene (2.286) as the standard of reference. Each of 
the numbers given in the following tables represents a separate filling and 
adjustment of the apparatus and each is an average of a number of measure¬ 
ments, repeated until the last figure was reasonably certain. 1 


Tabus I. — Dielectric Constants of Etheb 

and Toluene at 

20 0° 


Readings (Corrected). 


Subctance Trough 

Air <S) 

Ether (5) 

Benzene {Si) Dielectric constant 

Ether E 

O 92 

6 94 

3 22 ' 

4 366 

E (cover) 

I .40 

7 39 

3 70 

4 349 

F 

2 78 

IO 22 

S 64 

4 345 

G 

2 12 

7 55 

4 26 

4 3 to 

F 

2 78 

to 21 

3 63 

4 353 




Ether- Average, 4355 


Air 

Toluene 

Benzene 


Toluene E (cover) 

t IO 

3 72 

3 60 

2 348 

E 

0 33 

3 IO 

3 OI 

2 329 

F 

2 30 

5 28 

5 17 

2 336 

F 

2 JO 

5 28 

5 18 

2.330 

F 

2 30 

5 28 

5.18 

2 330 




Toluene Average. 

2 335 


Evidently the results are as nearly constant as could be expected. They 
show that the apparatus is consistent and to be depended upon. Below 
are given the results for other substances, all referred to the dielectric 
constant of dry air «= 1.000. ■ 


Table II.— Data and Results. 
(All at 20° except Cyclohexanol) 
Corrected reading 


Dielectric 


SubtUnce 

Trough 

5 . 

s, 

& 

constant. 

Hexane 

F 

2 78 

4 .76 

5.68 

1.878 


F 

2.78 

4.76 

5 70 

1.873 


F 

2.78 

4 76 

5.68 l.878 

Average, j .876 

Heptane I 

F 

2 ,70 

♦ 87 

5 57 

1 973 

Heptane II 

F 

2 .70 

487 

5-57 

t.973 

Heptane III 

F 

2.70 

4-87 

5-37 

1.97a 

Heptane IV 

F 

2.70 

4.88 

5 57 1 977 

Average, 1 .973 


1 A* an example, at random, the following reading* were taken in the case of the 
*ccrnd experiment with ether: With air, 1.39, 140, 140, 140; with ether, 7 - 3 *. 7 - 39 . 
746 . 7.39; with benzene, 3.70. 3-69. 3.70. The avenue*, to the *- 
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Table II (.continued). 





Corrected reading. 

- Dielectric 

Substance 

Trough 

5 

5 i 

•Sv constant. 

Octane 

F 

2 8 o 

4 97 

5 70 

1962 

A'-Nonane 

F 

2 74 

4 92 

5 64 

1967 

4-Mcthy! octane 

F 

2 8o 

4 9 ® 

5 79 

1967 

4-Metbyl octane 

F 

* 74 

4 92 

5 64 

1.967 

2-Methyl octane 

F 

2 74 

4 92 

5 6 4 

1.967 

2,6-Dimethyl heptane 

F 

2 70 

4 37 

4 87 

1989 

2,6-Dimethyl heptane 

F 

2 70 

4 3 ® 

4 8? 

J 995 

2,6-Dimethyl heptane 

F 

2 70 

4 35 

4 R 7 

1 978 

2,4-Dimethyl heptane 

Z 

2 40 

2 69 

2 82 

1 89 

2,4-Dimethvl heptane 

z 

2 40 

2 69 

2 82 

1 89 

2,5-Dimethyl heptane 

z 

2 40 

2 69 

2 82 

1 89 

Decane I 

F 

2 JO 

4 44 

5 18 

' 955 

Decane II 

F 

2 30 

4 44 

5 ‘8 

1 955 

Decane II * 

F 

2 JO 

4 44 

5 '8 

> 955 

Decane II 

F 

2 30 

4 45 

5 '8 

1 960 





Average, 

1 956 

Xylene I 

F 

2 70 

.5 77 

5 57 

2 375 

Xylene II 

F 

2 70 

5 77 

5 57 

2 375 

Xylene III 

F 

2 70 

5 77 

5 57 

2 375 





Average, 2 375 

Xylene 

F 

2 30 

5 40 

5 >7 

2 389 


F 

2 JO 

5 38 

5 18 

2 375 


F 

2 30 

5 38 

5 <8 

2 375 


F 

2 V> 

5 37 

5 >8 

2 371 





Average, 2 378 

Ethyl benzene I 

G 

2 62 

5 ‘8 

4 84 

2 482 

Ethyl benzene 11 

G 

2 62 

5 19 

4 84 

J 482 

Ethyl benzene III 

G 

2 62 

5 18 

4 84 

2 482 




' 

Average, 

2 482 

iV-Propyl benzene 

G 

2 53 

4 88 

4 74 

2 367 


C. 

2 53 

4 89 

4 7 <> 

2 361 





Average, 2 364 

Cnmene 

G 

2 21 

4 43 

4 26 

2-393 

(isopropyl benzene) 

G 

2 52 

4 95 

4 74 

2 408 





Average, 

2 400 

Meaitylene 

G 

2 53 

4 86 

4 74 

2 336 

Tert butyl benzene 

G 

2 30 

5 40 

5 '« 

2 - 3*4 


G 

2.30 

5 39 

5 -lS 

2, 3*9 


G 

2 30 

5-41 

5 18 

2 ,388 





Average,* y&4 

Cyclohexane 

H 

0,95 

s ,90 

3.^ 

2,05* 

a 1 

K 

0.93 

3 .89 

3.32 

3 . 0 M- 


Z 

3.40 

2.75 

3 .82 

(2.07J 
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Table II (continued). 

Corrected reading 


Dielectric 


Substance. 

Trough 

5 

At 


5 * constant 

Cyclohexanone 

Z 

3 26 

9 21 

j 

4 

42 

18 2 


Z 

3 28 

9 85 

w j 

JC 

4 

57 

18.t 


Z 

3 24 

7 82 

£ 

4 

13 

18.3 


Z 

3 24 

7 81 


14 

13 

18 2 







Average, 18.2 

Cyclohexanol at 25° 

Z 

2 70 

6 99 

V 

3 

09 

ij * 


Z 

2 70 

7 00 

a 

S . 

3 

IO 

14 8 


z 

2 70 

7 00 

c 

tr 

3 

09 

15 J 


z 

2 70 

7 00 

s 

' 3 

10 

148 







Average, 

15 0 


Table III —Comparison of Results with Those of Former Experiments 



Earlier results at various temperatures 

Present re- 





suits at 20°. 






Temp 


Dielectric 

Dietcrtnc 

Substance 

Degrees 

Observer 

coast ant 

constant 

Benzene 

20 0 

B B Turner 4 

2 286 

Standard* 

Ether 

18 O 

B B Turner* 

4 368 

4 35 S 

N-Hexane 

17 O 

Nernst* 

1 88 

t 876 

.V-Hexuie 

12 4 

Landolt & Jahn 1 * 

1 86 

1 876 

Heptane (average) 




1-973 

JV-Octane 

17 O 

Nernst 1 

1 95 

1.963 

2,2,3-Trimethyl pentane 




I .962 

A'-Nonane 




1 967 

4-Methyl octane 




1 gfl 7 

2-Methyl octane 




1 967 

2,6-Dimethyl heptane 




1 987 

2,4-Dimethyl heptane 




1 89 

2,3-Dimethyl heptane 




1 89 

Decane 

13 8 

Landolt & Jahn 1 * 

1 966 

1 956 

Toluene 

19 0 

I trade* 

■ 31 

2 335 

Toluene 

>4 4 

L ftj* 

2 375 


MXyleue 

18 0 

B B Turner* 

i 376 

2 377 

Xylene (mixture of isomers) 




2 375 

Ethyl benzene 

17 0 

Nernst* 

2 42 

2 482 

Ethyl benzene 

14 6 

L & J ‘ 

2 42 


Propyl benzene 

13 8 

I. & J* 1 

2 35 

a. 3*4 

Cumene (isopropyl benzene) 

17 0 

Nernst 

2 37 

2 400 


18 0 

Drude' 

2 .42 


Mesitylenc 

14 2 

L & J ■* 

2 30 

2 356 

Tertiary butyl benzene 




2 384 

Cyclohexane 

23 O 

) Cauwood and 
( W S E Turner 

^ 2 07 

2 oss 

C yclohexanone 



18 2 

Cyclohexanol 




15 0(25') 


* In each case the last figure is more or less uncertain—often not ora- one writ. 

4 B. B. Turner, Z phynk Ckem., 35, 385 (1900) 
e Nernst, Uni . 14, 622 (1894); Wied Ann , 60, 600 (1897). 
i Landolt & John, Z. pkysik. Chem , jo, 389 (1893). 

‘Dnide, Ibid., 23, 367 (1897). Ann. d. Pkys., (4) 8, 336 ( 190 *) (ImprcweittBttt 
of method) 

r 
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Evidently our results for substances already investigated by others 
agree essentially in most cases with the earlier results, especially with those 
of B. B. Turner, whose investigation was a model of care and accuracy. 
This leads us to hope that the other determinations, which give for the 
first time the dielectric constants of a number of typical carbon compounds, 
are also trustworthy. 

The data are npt plentiful enough to form the basis of far-reaching con¬ 
clusions concerning the effect of structure on dielectric constant, but never¬ 
theless at least one outcome is unmistakable, namely, the fact that both 
in the aliphatic and the aromatic series the substitution of the methyl 
group for hydrogen has usually but slight tendency to change the di¬ 
electric constant. With the higher members, this effect is less than that 
which is produced by variation in structure. Thus the values for hexane, 
heptane, octane, the average of the nonanes, and decane are, respectively, 
1.88, 1.97, 1.96, 1 94, 1.96, whereas the range among the nonanes alone 
is from 1.89 to 1.99 Some of the nonanes with side-chains have a higher, 
some a lower, dielectric constant than normal nonane. The aromatic 
hydrocarbons, as is well known, all possess higher dielectric constants 
than the aliphatic hydrocarbons. Benzene, toluene, meta-xylene, and 
mesitylene give, respectively, 2 29, 2 33, 2 38, 2 36. Aromatic hydro¬ 
carbons with more complicated side-chains (jt-propyl-, isopropyl-, and 
tertiary-butyl benzene) give about the same values (respectively, 2.36, 
2.40 and 2.38) with the incomprehensible exception of ethyl benzene, 
which gives the highest of all those studied (2.48). The effect of the ben¬ 
zene ring is evidently to increase the dielectric constant by about 0.4, 
or 20% of its value for the paraffins. 

We are indebted to the Carnegie Institution of Washington for financial 
assistance in the prosecution of this work. 

Summary. 

1. A modified form of the Nernst apparatus is described. Percentage 
error was much decreased by the use of larger, suitably balanced condenser- 
troughs. 

2. The dielectric constants of 21 organic liquids have been determined, 
some of them for the first time. The values for aromatic hydrocarbons 
average about 20% higher than for aliphatic hydrocarbons. 

CAMMUPO*' Mas* 
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i. The Variation of Hydrogen Overvoltage with Pressure. 

In a previous article 1 it was shown that, for low current densities, 
hydrogen overvoltage, E, is related to the radius r, of the bubbles formed 
on an electrode, the pressure p, and the surface tension y, by the ex¬ 
pression 


iFE = 


3RT 

pr 


y. 


(0 


For platinized platinum electrodes, at one atm. pressure, the agreement 
of observed overvoltages, and those calculated from determinations erf 
r, was found to l>e quantitative. Also, it will be recalled, the variation 
of the overvoltage with pressure, for mercury, lead and nickel electrodes, 
was shown to be in the direction predicted by Equation i. The nearly 
quantitative nature of this agreement was, however, not pointed out. 
If Equation i is valid, a plot of the varia¬ 
tion of the overvoltage with the pressure 
should be a hyperlxila, provided that the 
bubble radius r is a constant. In Fig. i, 
where overvoltages are plotted as ordinates 
and pressures as abcissas, the continuous 
line represents the measurements of Good¬ 
win and Wilson on a nickel electrode, and 
the dotted line shows the calculated values, 
the overvoltage at one atm. having been 
used in obtaining the values at the lower 
pressures. Although these curves have 
nearly the same form, the overvoltage 
changes with pressure somewhat more slowly 
than is predicted by the theory. This small 
difference maybe due to a slight increase in the size of the bubbles as the pres¬ 
sure decreases or, more probably, to an increased stirring effect, due to the 
huger number of bubbles formed at the lower pressures from a given weight 
of gas. It is interesting to observe that this theory of overvoltage, which 
was based mainly on observations, at atmospheric pressure, on platinized 
platinum electrodes, can be used to explain phenomena obtained with elec¬ 
trodes having much higher overvoltages, and at widely varying pressures. 



1 lAnouti it Ini finto) 




2014 D. A. MacINNES AND A. W. CONttERI, 

2. Applications of the Variation of Hydrogen Overvoltage with Pres¬ 
sure. 

The variation of overvoltage with pressure lieing established, theoret¬ 
ically and experimentally, it becomes important to study the effect of 
pressure on chemical processes involving the evolution of hydrogen in 
order to observe whether, in each case, changes in these processes can be 
predicted from the variation of the overvoltage. Three such chemical 
processes are: (a) the solution of metals in electrolytes, (b) reduction, in 
add solutions, by metals, and (r) the electro-deposition of metals. 

(a) The Role of Hydrogen Overvoltage in the Solution of Metals. 
The Variation of the Rate of Solution with Pressure.—When a piece of 
a metal is placed in a solution of an electrolyte there is a tendency for the 
metal to form ions, i. c., to split into ions and electrons. With metallic 
iron, for instance, the following reaction tends to take place: 

Fe = Fe + * -f 21 (2) 

However, no chemical action will follow unless another reaction, involving 
the absorption of the electrons, can also occur. In the absence of oxidiz¬ 
ing agents the only possible reaction is 

2H+ + 2* = H 2 (3) 

and this will take place only when the potential between the metal and 
the electrolyte is greater than the lowest potential at which Reaction 3 
can proceed in the system. Any factor which tends to decrease the ve¬ 
locity erf Reaction 3, i. e., which increases the overvoltage, will, of course, 
decrease the rate of solution of the metal 
Watts and Whipple' have found that, contrary to statements in the 
chemical literature, a decrease of the gaseous pressure will produce a 
reduction of the rate of solution of metals in acids. These workers, 
however, attribute the decreased corrosion in the acid solutions which 
were under reduced pressure, to the absence of oxygen. As it seemed 
probable to us that this effect is, largely at least, due to an increase of 
the overvoltage with decreased pressure, we repeated the experiments on 
zinc, cadmium and iron, taking care to exclude oxygen from all the solutions. 
In these experiments two test pieces of each metal were cut so as to ex¬ 
pose very nearly the same area, and weighed. The pieces were then placed 
in separate test-tubes containing the same volume of acid from which the 
air had been removed by boiling under reduced pressure. One of these 
tubes was then connected to a vacuum pump, and a stream of hydrogen 
at atmospheric pressure was passed through the other tube. After the 
reaction had proceeded for some hours the test pieces were removed, 
dried, and again weighed. A few typical results of such experiments are 
given in Table I. 

1 Trans, Am. EUctrochem. Soc., «. 2s? 
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Tabus I. 

The Solution of Metals in Normal Sulfuric Add. 

Loia in wt. per sq cm. area Mg. 

Time-*-- 

MetiU. Hours. At. atm. pressure. At 8 cm*. Hg 

Zn . 6 15.4 9,90 

Pe. 4 11 01 6 52 

Cd. . . . ... 7 o 42 o.42 

Since, at the lower pressures, a given mass of gas occupies a larger volume 
than at atmospheric pressure, the agitation of the solutions was greater 
when under partial vacuum, but, at least in the cases of zinc and iron, 
the rate of solution was much decreased. Cadmium was, however, but 
slowly acted upon by the acid and no bubbles were observed to leave its 
surface, the liberated hydrogen evidently dissolving and diffusing away. 
Under these conditions no change of the overvoltage with pressure is to 
be expected, as no (liquid-gas) surface energy is involved. On comparing 
our results with those of Watts and Whipple it seems probable that, al¬ 
though the effect described is responsible for the greater portion erf the 
change of the rate of solution with pressure, oxygen also aided in the solu¬ 
tion of the metals in the experiments they carried out at atmospheric pres¬ 
sure. 

If a piece of platinum is attached to a sample of cadmium the latter 
will enter solution rapidly enough to cause an evolution of gaseous hydro¬ 
gen. In this case we found that the rate of solution of the metal was de¬ 
creased from 4 mg. to 1.4 mg. per sq. cm. in 23 hours by decreasing the 
pressure from atmospheric to 11 cm. Ug. The test pieces were prepared 
by soldering a given length of platinum wire to each sample of cadmium. 
The soldered joint was covered with paraffin while in the acid. 

Copper, although normally below hydrogen in the electromotive series, 
will dissolve with an evolution of hydrogen when placed in a strong po¬ 
tassium cyanide solution. As is well known, this is due to a very low cop¬ 
per ion concentration in the solution, caused by the formation of com¬ 
plex ions. In this case also the rate of solution was greatly decreased by 
lowering the pressure. At atmospheric pressure 1.7 mg. per sq. cm. 
dissolved in 5 hours. This was decreased to 1.0 mg. per sq. cm. in the 
same time by reducing the pressure to 11 cm. of Hg. 

It also follows from the theory that an increase of pressure above that 
of the atmosphere will result in a decrease in overvoltage. The rate 
of solution of a metal, when the reaction is accompanied by a liberation of 
hydrogen, should thus be increased by an increase of pressure^ To test 
this point two nearly identical samples of sheet iron were placed into tubes, 
A and B, containing the same volume of 0.5 N hydrochloric acid. The 
air was pumped out of Tube A and the reaction was allowed to proceed 

r»4- - ' 
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placed a simple pressure indicator consisting of a capillary tube closed at 
one end and with a drop of mercury initially near the other end. After 
replacing the air in Tube B with hydrogen it was sealed up, and the gas 
generated by the progress of the reaction caused a rise of pressure to nearly 
10 atmospheres. After 16 hours, the losses in weight of the pieces of iron 
in Tubes A and B, were respectively, 18.1 and 34.2 mg. per sq. cm., the 
latter figure being, of course, the result of pressures varying from 1 to 
10 atm. It was interesting to note that, throughout the experiment, 
there was no apparent change in the rate of the reaction as judged by the 
rate of evolution of hydrogen bubbles, although when the pressure in the 
Tube B reached its maximum, a bubble of a given size in the latter Tube 
represented 10 times the mass of hydrogen that it did in the Tube A. As 
nearly as could be estimated, the bubbles were of the same size in both 
tubes. 

(b) The Variation, with the Pressure, of the Efficiency of Reductions 
by Metals.—When the reduction of a compound is carried out in aqueous 
solution with the aid of a metal above hydrogen in the electromotive series, 
the efficiency of the reduction is usually decreased because of the evolution 
of hydrogen. For example, when a piece of iron is placed into a slightly 
acidified solution of ferric chloride the metal dissolves according to the 
reaction 

Fe = Fe++ + ze. (2) 

The two reactions that compete for the liberated electrons are 

Fe+++ + « = Fe ++ (3) 

and 

2H+ + 2 * = Hj. (1) 

Here we can predict that a decrease of pressure will, by increasing the over¬ 
voltage, reduce the velocity of Reaction 1, with the result that the effici¬ 
ency of the reduction represented by Reaction 3 will be increased. Several 
series of experiments were carried out in which pieces of iron, of constant 
area, were placed in contact with acidified ferric chloride solutions at a 
series of pressures. The results of one series arc given in Table II. 

Tabus II 


Pressure 

Equivalents of FeCb 

(Cm Hg) 

reduced in 90 minutes. 

S 0 

o 415 

8.J 

0.400 

17.0 

0363 

20.2 

0.259 

22.0 

0.280 

2J.6 

0.240 

3* .0 

0.220 

36.8 

0.095 


ft mfi 
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The solution contained 0.625 mole per liter of ferric chloride and 0.17 
mole per liter of hydrogen chloride, 20 cc. being used in each experi¬ 
ment. The pieces of iron exposed 3.08 sq. cm. area to the solution. The 
amount of ferric iron remaining after each reduction was determined 
with the help of a colorimeter. The figures on Table II are also plotted 
in Fig. 2 in which ordinates repre¬ 
sent ferric iron reduced and abscissas 
pressures in cms. Hg. Although the 
points are scattered the drift is 
clearly very similar to that of the 
overvoltage-pressure curve given in 
Section 1 The continuous line in 
the figure is a hyperbola. A num¬ 
ber of attempts were made to secure 
data that would yield smoother 
curves, but without success, the 
difficulty being, in all probability, 
the variability of the surface of tire 
iron. As suggested, the rapidity 
and efficiency of the reduction 
appears to be closely related to the overvoltage of the iron. Very similar 
results to the above were obtained with ztnc as the reducing metal. 

It appears probable that the speed and efficiency of a large class of 
reductions can be increased by carrying out the reactions under dimin¬ 
ished pressure. Further work on this subject will be carried out in this 
laboratory. 

(c) The Effect of Variation of Hydrogen Overvoltage on the Efficiency 
of the Electrolytic Deposition of Metals.—If hydrogen were evolved at a 
cathode at its reversible potential, under all conditions, no metal higher 
than hydrogen in the electromotive series could be deposited electrolyti- 
cally from aqueous solutions. The fact that metals as high in the series 
as zinc can be obtained in this way is due, of course, to the fact that the 
overvoltages of the metals are of the same order of magnitude as the po¬ 
tentials between the metals and the electrolytes from which they are 
deposited. In all such depositions, however, the current efficiencies 
are decreased because of the evolution of hydrogen. It is to be expected, 
therefore, that any factor which tends to increase hydrogen overvoltage 
will increase the efficiency of the deposition of a metal above hydrogen 
in the electromotive series. 

To determine whether the effect of reduction of pressure is in the direc¬ 
tion predicted, a study was made of the deposition of zinc from (*/» molar) 
zinc sulfate solution. Two cells, each containing an anode and cathode of 
zinc, were placed in series in a circuit containing a copper coulometer. 





2018 d . a. MacINNSS and a . w. contieri. 

One of the cells was arranged so that the electrolysis could be carried out 
under reduced pressure. The two cathodes, which were made as nearly 
alike as possible, were weighed before and after each electrolysis. The 
current density was kept at 3 milliamperes per sq. cm. Table III gives 
the efficiencies at a series of pressures. 

Tabu: III. 

The Effect of Pressure on the Efficiency of the Deposition of Zinc. 

Pressure, ein. Hg . .76 13 11 7 6 

Efficiency, % ... 75 81 o 92 4 94.5 97.5 

The efficiency at atmospheric pressure is the mean of 4 values differing 
by several per cent. As in the case of reductions at the surfaces of metals, 
it is difficult to obtain reproducible results. The increase of efficiency 
with a decrease of pressure is, however, unmistakable. A similar, although 
smaller, effect with decrease of pressure, was found in the deposition of 
iron. 

It should be emphasized here that the effects described in this paper 
are obtainable only for comparatively slow reactions and for low current 
densities. A violent evolution of hydrogen gas apparently breaks down 
the layer of supersaturated hydrogen solution which is responsible for the 
overvoltage. 

3. Further Discussion of Overvoltage Fluctuations. 

A topic that deserves more consideration than was accorded it in the 
previous communication is the somewhat puzzling observation that the 
formation of a single minute bubble can determine the potential at an elec¬ 
trode with an area several thousand times the surface covered by the 

bubble, as was the case in the 
experiments described. Fig. 3 rep¬ 
resents a typical fluctuation of the 
overvoltage with time. As ex¬ 
plained in the former article, at 
point b a bubble has separated, 
leaving a nucleus attached to the 
electrode, which is surrounded by a 
solution of hydrogen in equilibrium 
with bubbles the size of the one 
which has just separated. At o', 
however, a concentration is reached 
at which the nucleus can grow, 
after which a very rapid drop in the potential is observed. This drop is 
due, in all probability, to an ionization of a portion of the dissolved hy¬ 
drogen (according to the reaction Hj = 2H + 2f) and the reappearance 
of an equivalent amount of hydrogen in the bubble. It will be recalled 
that as the bubble grows the equilibrium concentration of dissolved hy- 
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drogen decreases, since the "solubility” of small bubbles is greater than 
that of larger ones. The electrolyte immediately surrounding the growing 
bubble is, therefore, less concentrated than at points on the surface of the 
electrode removed from the bubble. These differences of concentration 
produce short-circuited concentration cells, the operation of which results 
in the formation of hydrogen ion from dissolved molecular hydrogen at 
points where the latter is more concentrated, and the reverse reaction at 
the bubble or in the adjacent electrolyte. 

4. Summary. 

The increase of hydrogen overvoltage with diminished pressure is shown 
to follow, in a nearly quantitative manner, from the theory advanced by 
Maclnncs and Adler. 

A study has been made of the effect of change of gaseous pressure on 
several chemical processes involving the evolution of hydrogen. The 
changes in rates of reaction and in reaction efficiencies were found in each 
case to lie in the directions which follow from the change of hydrogen over¬ 
voltage with pressure, 1. e., a decrease of gaseous pressure produces (a) 
a decrease of the rate of solution of metals in electrolytes, (b) an increase 
in the efficiency of reductions by metals, and (c) an increased efficiency of 
metal deposition. 

The theory explaining the fluctuation of overvoltage accompanying the 
evolution of a single bubble from a platinum electrode is more fully dis¬ 
cussed. 

Cahhridcb, Ma«W4 


[Contribution from the Wolcott Gibbs Memorial Laboratory of Harvard 
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THE EFFECT OF PRESSURE, AND OF DISSOLVED AIR AND 
WATER ON THE MELTING POINT OF BENZENE. 

By Theodore W. Richards, Emmett K Carver and Walter C. Schumb. 

Received October 16 , 1919 

The need of a large number of accurately determined fixed points for 
standardizing thermometers is too well understood to need comment. 
The {ransition temperatures of the hydrated salts seem to be the points 
liest suited for this purpose, although the freezing points of pure liquids 
are also convenient. To give a useful fixed point the liquid adopted must 
not only be one that may be easily and surely purified, but it must also 
have a high latent heat of fusion. This last is important for two reasons: 
because such a substance sooner compensates for loss of heat through 
the walls of the container or gain from stirring, and because the effect of 
impurities on the freezing point is inversely proportional to the latent heat 
of fusion. 
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Although benzene is less satisfactory in these respects than water, never¬ 
theless it is by no means to be rejected as a means of fixing a thermometric 
point. 

With this in mind, one of us, with the assistance of J. W. Shipley, 1 
recently determined with care the freezing points of two carefully prepared 
samples of pure benzene (from coal tar and from benzoic acid) and found the 
same very constant point for each, namely, 5 483° ± 0.002°. The measure¬ 
ments were made in the Beckmann apparatus with carefully calibrated 
thermometers. 

The point thus determined is evidently of sufficient constancy to serve 
the purpose in mind; nevertheless it is not, of course, the true triple point 
of benzene. The determination was made under atmospheric pressure; 
moreover, as J. Meyer 5 has rightly pointed out, the liquid contained dis¬ 
solved air. For the object sought, these circumstances make no differ¬ 
ence, if only tile pressure and saturation of dissolved air are constant. 
The essential feature is convenient and exact reproducibility of the point. 
Meyer's objection that the concentration of the dissolved air varies is 
(as will be shown) not well taken, since during the production of the amount 
of solid required for a satisfactory observation, enough air is displaced 
from the crystals to saturate fully the remaining liquid. Hydrogen from 
the decomposition of water by the sodium used in drying could not have 
been present, since it must have escaped during the distillation. 

In order to place the matter in a more satisfactory situation, the effect 
of the dissolved air has been studied, as herewith detailed. The procedure 
adopted was first to determine the freezing point of benzene under its 
own vapor pressure, and then, to admit dry air at atmospheric pressure 
and take the temperature when the benzene became saturated. 

To protect the thermometer from the change in pressure when air was 
admitted, it was immersed in mercury in the inner open tube of a double- 
walled test-tube, whereas the benzene was placed in the outer compartment, 
between the walls. Just above the mercury in the inner tube was a layer 
of carbon tetrachloride which served to protect the mercury from loss of 
heat, and the whole apparatus was protected from too rapid heat-exchange 
by means of an air jacket. An iron stirrer plated with silver, in the ben¬ 
zene, was lifted and dropped by means of an electromagnet operated by 
a metronome and relay. The whole was placed in a thermostat at about 
5.3 0 to 5.6°. 

The apparatus was filled through a ground joint, which was then dosed 
and sealed with mercury. A trap caught any benzene which had dis¬ 
tilled into contact with the stopcock leading to the pump. At first a 

1 T. W. Richards and J W. Sliipley, Tins Journal, 36, 1825 (1914). 

* J. Meyer, Z. physik. Chm„ 90, 721 (1915). See also Gareili and Fakioli, Alh 
accad. Lined, (1 j 13, 110 (1904); also Prytz and Holst, Wied. Ann., 54,130 (1895). 
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Beckmann thermometer was used, but was found unsatisfactory owing 
to the uncertainty of the stem correction. In later determinations an 
old, very accurate and sensitive Baudin thermometer with a large bulb 
was used. Finally the point on the international scale was determined 
by standard Baudin thermometers Nos. 15200 and 15276. 

Determinations were made as follows: The apparatus was filled about 
half full of benzene, which was frozen solid The disengaged air was 
pumped off (the evacuation being continued to minimum pressure), 
and the benzene was melted and frozen again. After a second evacua¬ 
tion very little, if any, air remained. Finely divided crystals, highly satis¬ 
factory for the purpose, were produced by supercooling the liquid benzene 
several degrees and stirring. The automatic stirring was continued, and 
the solid phase augmented; but until there was so much solid benzene that 
the motion of the stirrer was prevented, the temperature remained un¬ 
changed. Tilts proved that no air remained, since otherwise the tempera¬ 
ture would have fallen slowly as the liquid diminished. By varying the 
rate of stirring over a wide range it was shown that the heat of stirring had 
no appreciable effect on the apparent melting point. 

When the triple point had thus been fixed, and the quantity of 
crystals best suited to give a constant point had developed, air dried over 
sulfuric arid was admit¬ 
ted The freezing point 
immediately rose about 
0.028°, since benzene 
freezes at a higher tem¬ 
perature under high 
pressure than under low 
pressure. As the stirring 
continued, the tempera' 
ture fell because of the 
air dissolved, at first 
rapidly, and then more 
slowly, in a well-defined ,, 

curve, of which a typical 5.50 
graph follows. 

In this manner, after 
a few preliminary trials, 
the following 5 succes¬ 
sive determinations were 
made. The 3 samples 
of benzene referred to 
in the table were pre¬ 
pared as follows: For 


5.52] 


5.5 rt 



Fig 1.—Typical diagram showing fall of temperature 
caused by solution of air in pure benzene. 

Ordinates represent temperatures, abscissas represent 
time in minutes. The initial maximum temperature is 
attained only with complete absence of stirring, and 
then only for a brier time. During the trial indicated the 
stirring was continuous and equable. 
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Expts. i and 2 the benzene was shaken with 5 successive portions 
of cone, sulfuric add. Then followed several washings with a solu¬ 
tion af sodium hydroxide and several successive portions of water. 
It was subsequently dried over calcium chloride and sodium, dis¬ 
tilled, recrystallized 5 times, and kept over sodium. Successive 
portions of this metal were needed to eliminate all the water. The 
material used for Expts. 3 and 4 was identical with Shipley's Sample 
C, and that used in the fifth determination was identical with Shipley's 
Sample B. The former had been crvstalli/.ed 4 times and the latter 6. 1 
Both had been kept 3 years over sodium, and all were distilled directly 
into the freezing-point apparatus Below are recorded the results, cor¬ 
rected to the hydrogen standard of temperature as given by the mean 
of the readings of thermometers Baudin 15200 and 15276, making due 
correction for the effect of changing atmospheric pressure on the ther¬ 
mometer bulb and all other known causes of error. 

Table I — Difference between Freezing Point in Vacuum and in Air 


I>Wtts uniijfrwlti 



In vacuum 

In air 

Difference 

Vac Air 

(t) Benzene as described above 

s 504 

5 502 

0 00? 

(z) Benzene as described above 

S 502 

5 498 

0 004 

(3) Shipley's synthetic benzene (4th) 

S 408 

S 406 

O 002 

(4) Shipley's synthetic benzene (4th) 

5 soo 

5 49 b 

0 004 

(5) Shipley's coal-tar benzene 1" 6th) 

S 499 

5 497 

O ( X>2 

Average 

5 SOOb 

S 4974 

0 no-* 

The absolute value will be considered in 

detail later 

The important out- 


come of figures given in the table is the fairly consistent evidence that the 
melting point of benzene saturated with air under atmospheric pressure 
is 0.003° lower than the true triple point of pure benzene, and that the 
difference is reasonably constant, and trustworthy. 

This small correction (0.003 °) is made up of two almost equal opposing 
large corrections. The presence of dissolved air lowers the freezing point, 
but the pressure of the atmosphere increases it The latter of these two 
effects may be computed from the well known equation of Clapeyron: 
dT/dP ~ Tbv/L. According to the carefully executed determinations 
of J. Meyer, one g. of benzene on melting takes in 30.48 average calories, 
and increases its volume by o. 1333 cm. 2 This gives dT/dp =* 0.0295 
degree per atmosphere. Tammann's direct measurement* between o 
and 500 atmospheres gives dT/dp = 0.028 degree per atmosphere, but 

1 This Journal, 36, 1830 (1914) 

* J. Meyer, Z. physik Chem , 72, 246 (1910). 

* Tammann, KrystaUisiercn und Sckmelun, Leipzig, 1903, p. 197; see also Wied. 
Ann,, 66,486 (1896). 
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on making due allowance for curvature of the line depicting the change 
with pressure, it would appear that his result at atmospheric pressures 
must almost exactly agree with that computed above. The average 
change of pressure in the 5 experiments was from 35.4 mm. (the pressure 
of benzene vapor at its triple point) to 762.4 mm (the average barometer) 
or 727 mm. This change should then alter the freezing point by 
(727/760)0 0293°=0 0282°. 

Taking 0028° as the pressure effect, 0031° is computed (by the ad¬ 
dition of o 003 °) as the depression of the freezing point clue to air dissolved 
in benzene under atmospheric pressure The weight of air dissolved in 
the benzene mav be estimated from tins result by the familiar equation, 
w = MW At, k, which gnes 0017 g or 13 cc of air dissolved in 100 cc. 
of benzene. It was found In Just 1 that 11 cc of nitrogen at 760 mm. 
pressure dissolved in 100 cc of benzene at 20°, but he made no trial with 
oxygen Probably oxygen is somewhat more soluble than nitrogen, 
hence Just’s result is of the same order as ours The estimate of 63.5 
cc. of air per i<x> g ol benzene (corresponding to a depression of o 14° 
in the freezing point) made bj Mover, 2 is evidently excessive. Meyer’s 
conclusion rested on on.lv a single experiment, made as a side issue in a 
research having another obiect, and no evidence is afforded that water 
was excluded from the benzene in this experiment, an especially insidious 
source of error 111 cases like tins, as will be shown 

Evidently the melting point ot benzene saturated with dry air, under 
atmospheric pressure, should be an unusually constant print, being much 
less affected than most freezing points through change of pressure. A 
rise 111 the barometer, for example, produc es a rise m freezmg print through 
increase of pressure but is accompanied by a proixirtional increase of dis¬ 
solved air, each of the opposing almost equal corrections is augmented to 
almost the same extent A change of \ j of an atmosphere would be needed 
to change the freezing point of the air-saturated liquid by as much as 
o 001° 

As already stated, the graph above indicates that saturation with air 
is attained rather quickly by freezing benzene agitated by a splashing 
stirrer. But, on the other hand, is there danger of supersaturation •* 
Liquids are well known to become easilv supersaturated with gases, and 
it is*not impossible that benzene saturated with air might become super¬ 
saturated as it becomes partly solidified The ultimate constancy of 
the freezing point of benzene saturated with air as found both in the earlier 
research and in the present one shows, however, that the supersaturation 
is adequately relieved by suitable stirring. 

As already stated, another possible source of error or uncertainty in 

1 Just, Z physik Chem , 37, 361 (1901). 

• J, Meyer, Ibid , 7a, 238 (1910). * 
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the freezing point of benzene is the presence of water. This is a danger 
to be especially feared in taking the freezing point of any n on-aqueous 
liquid below the dew point of the air of the laboratory, since water then 
readily condenses and dissolves in the other liquid. Hence, experi¬ 
ments were instituted in order to determine the effect on the freezing point 
of benzene of saturation with water, as well as to estimate cryometricaDy 
the extent of its maximum solubility at the freezing point. 

The literature on the subject is widely divergent in its verdict. One of 
the early papers, by Herz, 1 states that 0.211 volume of water are taken 
up at 22 0 per too volumes of benzene (about 87.6 g.). This would corre¬ 
spond to a depression of nearly o. 7 0 in the freezing point. From our own 
results, as will be seen, it must be clear that this result is far too large. 
One cannot help tliinking that according to his method of experimenta¬ 
tion (which consisted in dropping water into benzene until an excess ap¬ 
peared) an unnoticed film of water must have clung to the glass of the 
vessel containing the benzene Considerably better, but still possibly 
somewhat subject to the same cause of error, were the results of Gros- 
chuff. 2 He found that 100 g. of benzene dissolves 0.03 g. of water at 3 0 , 
and 0.061 g. at 23 °, from which we may conclude that at 5.5 0 about 0.04 g. 
of water is taken up, corresponding to a depression of about 0.13°. 

A safer method seems to be the determination of the effect of water in 
excess on the freezing point of benzene. According to a recent statement 
by Wm. J. Jones, ! Dr. N. V. Sidgwick states that the freezing point of 
water-saturated benzene is about o. 1 0 below that of pure benzene. Our 
own experiments verify this statement, as is seen by the following figures 
for two separate trials. 



Arbitrary 

Beckmann 

Standard Baudtn 

No 15,276 

Temperature of freezing before addition of 
water, degrees 

Temperature of freezing when saturated with 

4 4°3 

5 48s (cor’d) 

water, degrees . 

4 3*0 

5389 

Difference, degrees 

0 093 

0.096 


Mean o .095 

If the cryoscopic constant for benzene is taken as 5000, this would corre¬ 
spond to a solubility of 0.034 g- of water per 100 g. of benzene at 5.5 0 , 
not far from Groschuff’s value. 

Evidently an amount of water corresponding to only 1% of the amount 
in the saturated solution is enough to produce an effect on the freezing 
point of o.ooi 0 , therefore, great care must be taken to exdude water. 
Sodium added to benzene containing a trace of water of course evolves 
1 Hera, Ber , 31, 2669 (1898). 

1 GroschufT, Z. Elektrachem., 17, 34J (1911). 

* W. J. Jones, J. Soc. Dyers and Colourisls, 35,46 (1919). 
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hydrogen, and soon becomes coated with sodium hydroxide, when it is 
less efficient. Accordingly, freshly prepared sodium must be added in 
successive portions in order to obtain complete dryness in any reasonable 
time. We found that if perhaps 2 g. of sodium wire is added to 50 cc. 
of benzene on each of 2 successive days, the liquid is sufficiently dry so 
that a third portion of added sodium allowed to stand for 2 days more, 
produces no observable effect upon the freezing point. The fear that 
sodium thus added in the presence of traces of water might produce a 
trace of a hydrobenzol does not seem to be substantiated by our experience. 

Benzene thus dried must be scrupulously protected from contact with 
moist air, and all the apparatus which it touches must have been previ¬ 
ously heated in a current of dry air in order to exclude traces of water. 
All these precautions were observed in the work upon the exact freezing 
point of benzene which follows. No correction was made for the possible 
solution of carbon dioxide in benzene. The solubility of this gas in the 
liquid under atmospheric pressure is hardly great enough to make the 
amount dissolved under its usual partial pressure of 0.0003 atm. ap¬ 
preciable. * 

The freezing point of benzene as newly found is distinctly higher than 
those observed by one of us in collaboration with Barry, Pavis, and Shipley. 
Although the object of the present experiments had not at first been to 
determine the precise value, but only the effect of air, nevertheless the 
difference obviously suggested further research. Accordingly very care¬ 
ful new absolute determinations of the freezing point of benzene were 
made, taking account of all the precautions suggested in the foregoing 
pages. 

In repeating the work on the true freezing point of dry benzene saturated 
with air, a Beckmann freezing-point apparatus was used. The standard 
Baudin thermometers dipped directly into the mixture of solid and liquid 
benzene, which was stirred by hand with a platinum-glass stirrer. Air 
(thoroughly dried by cone, sulfuric add) was passed continuously through 
the upper part of the test-tube. The outer bath was kept between 5.0 0 and 
3.5®, approaching the latter point in the final determinations. The dis¬ 
tillation of the purified benzene was carried out by electric heating in a 
glass-stoppered double-necked distilling flask 1 and the distillate could be 
collected in either one of two receiving test-tubes, at the end of a Y-branched 
condenser tube, by the expedient of tilting the flask from side to side 
The test-tube containing the second fraction of the distillate, of which the 

1 It was found by Just that benzene dissolves about 2.5 tunes its volume of carbon 
dioxide (a result which some results of ours seem to show to be excessive) but even if 
the gas is as soluble as this, the liquid should take out of ordinary sir only about a 
millionth part of its weight of gas. 

* T. W. Richards and V. Barry, Thm Journal. 16. !■>«•» t 
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freezing point was to be determined, was supplied with a cork stopper 
fitted with the stirrer and standard thermometer all in place, and could be 
detached from the condenser tube at a ground joint, immediately after¬ 
wards being connected to a supply of dry air. 

Pure coal-tar benzene had been prepared as usual and was further re¬ 
crystallized 3 tim es and dried over successive portions of sodium for 2 
days at a time. Synthetic benzene had been prepared from benzoate 1 
and had been further purified by Dr. Shipley; it was yet further recrystal¬ 
lized 3 times and dried over sodium as in the case of the coal-tar product. 
For the determination of the ice-point, natural fresh-water ice of good 
quality was chopped into small lumps, allowed to stand in a beaker until 
a part of it had melted, then drained and the interstices filled with pure, 
chilled water before the final reading. 

After the purified benzene had stood, as deseril>ed, over sodium in the 
distilling flask for several days, it was carefully distilled directly into the 
test-tube, the first third being collected separately. The benzene all 
distilled within 0.05 °. The test-tube having been disconnected from the 
condenser at the ground joint and connected to the dry air current, the 
tube was allowed to cool in an ice bath. By sufficiently supercooling 
(to about +x°) about a third of the liquid could lie instantly frozen in 
the form of small, flaky crystals; and by further alternately cooling and 
briefly warming the tube, the quantity of solid could be increased until 
the whole tube was filled with a thin paste of crystals. The intermittent 
wanning was necessary to cause the solid cakes on the walls of the tube 
to become disengaged and permit movement of the stirrer. When a paste 
of the desired consistency had been obtained, the outside of the test-tube 
was wiped dry and the latter placed in the air-jacket, which was suspended 
in the cooling bath. Pieces of absorbent cotton were placed about the 
neck of the test-tube to keep it in place and prevent air currents within 
the air-jacket. The bottom of the test-tube rested likewise on a pad of 
cotton. The mixture of solid and liquid benzene was frequently stirred, 
and the temperature of the thermometer read by means of a cathetometer,, 
which was carefully adjusted. The thermometer was always maintained 
in a vertical position as tested by a plumb-line, and at a definite distance* 
from the cathetometer objective. In some experiments with Baudin 
No. 15276 the top of the mercury thread was allowed to just emerge above 
the top of the cork stopper in the mouth of the test-tube; in one trial 
(No. 15200 being used) the meniscus was read through the glass of the 
test-tube, just below the bottom of the stopper; in this case the stem cor¬ 
rection was wholly negligible. In all cases the proper stem connections 
were calculated, knowing the length and mean temperature of the several 
portions of projecting thread, both within and above the cork stopper. 

1 TTncW 1/inHlv tmrfrrtaWn Hiivf'tinn rtf Professor E. p. Ktffcfer. 
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The freezing point was constant over at least an hour’s time in each 
ease, and did not alter appreciably from the initial readings: since the 
amount of solid had increased in every case by about 25-30%, this con¬ 
stancy is indicative of the purity of the substance. 

After a determination had been completed, the benzene was allowed to 
melt in a current of dry air, and replaced in a bottle over sodium. 

The two standard Baudin thermometers used in making the final meas¬ 
urements differed somewhat in their readings when all appropriate cor¬ 
rections had lieen applied. When a graph of the calibration corrections 
was made for each thermometer, it was found that unfortunately, from the 
nature of the curves, just at 5.5 0 the uncertainty of each was greatest, 
and in either or both a possible error of o 003 0 or more might exist. There¬ 
fore the two thermometers were carefully compared with one another, 
by simultaneously immersing them in a mixture of solid and liquid benzene, 
and subsequently in a bath of cracked ice and pure water. In this way it 
was found that No 15200 reads 0.014° higher than No 15276 at 5.5 0 . 
The mean value was taken as the Ix-st available. This mean is obviously 
subject to an uncertainty of at least ±0.007 due to the calibration of the 
thermometers alone, apart from any further uncertainty due to the quality 
of the benzene 

Freezing Foist or I)ky Benzene (.Saturated with Air, 

Degrees Centigrade 


Number of thermometer 

No 15 276 

No 15.200 

ti) C0.1l tar ben/ene (Carvcr'il 

s 487 


U) Coal-tar benzene dried 2 days longer 

5 487 


(3) Same us (j) 

5 488 

5 499 

( 4 ) 



(3) Coal tar lun/ine 

5 4^7 

5 SOI 

«,) 



(7) Same as preceding 

5 488 

5 501 

(») 



U)j Same, one thermometer only used 


5 499 

(10) Same, one thermometer only used . 

5 485 


Averages 

5 487 

5 500 


Total average of both thermometers 5 493 

The outcome shows that the most probable freezing point of benzene 
saturated with air is 5.493°, therefore, the true triple point is 5.496°. 
Wc are inclined to think that these values (about 0.01 0 higher than those 
based on the earlier determination) are the more accurate, since they rep¬ 
resent the averages of the readings on two standard thermometers (in¬ 
stead of only one), and since most of the probable errors tend to lower 
rather than to raise the melting point. Nevertheless as already stated 
neither, of the new values can be considered as certain within a much 
narrower limit than 0.01 °, because of the unfurl,mo 
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two standard thermometers in this neighborhood. Moreover in spite 
of the use of many different specimens of benzene, the doubt must always 
remain as to whether the samples employed were perfectly pure. That 
our material was purer than the specimen employed by J. Meyer is shown 
by the fact that our melting point is over 0.05 ° higher than his (5.44 °). 
The preparation of any organic substance in a state of great purity is 
difficult, although benzene is more promising in this respect than the great 
majority, because of its convenient crystallization, its easy preparation, 
and its considerable stability. For a closer evaluation of the melting point 
of benzene, a prolonged and laborious investigation would be needful, 
for which we have not time at present. In the meantime it is safe to^say 
that either the triple point, or the freezing point”when saturatedwithair, 
is easily attained and very constant. 

We are glad to express our obligation to the Carnegie Institution of 
Washington for pecuniary support in this research. 

Summary. 

1. Benzene saturated with air under atmospheric pressure melts 0.003 0 
below the true triple point. 

2. Benzene thus saturated has its freezing point but little altered by 
change of pressure. 

3. Evidence of an important degree of supersaturation does not appear. 

4. The effect of pressure in the absence of dissolved air is shown to alter 
the freezing point 0.029° per atmosphere. 

5. Saturation with water lowers the freezing point of benzene 0.095 °. 

6. The true freezing point of benzene saturated with air is probably not 
far from 5.493°, and the true triple point not far from 5.496°. 

Cambridge, Mass. 

(Contribution from the University College of Science of Calcutta.) 

HALOGENATION. XIX. THE REPLACEMENT OF SULFONIC 
GROUPS BY CHLORINE AND THE PREPARATION 
OF ORGANIC CHLORO-DERIVATIVES. 

By Rasix Lal Datta and Harafarbutty Kumar Mrmnt. 

Received April 14, 1919. 

It has been found that when a current of chlorine gas is introduced into 
an aqueous solution of sulfonic acid, the sulfonic group is detached with the 
simultaneous production of the corresponding chloro-derivative. The 
reaction that takes place may be represented as follows: 

/OH tciiTl /OH 

SO,< , —£1 - SO/ + XC1 + HQ 

Nx Ci|oH N>H 

where X represents the organic radical to which the sulfonic group is 
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Besides throwing light on a fundamental and general reaction, this 
method has great practical value. The direct chlorination, in aqueous or 
glacial acetic acid solution by means of chlorine is generally unsatisfactory 
as a good deal of substance chars and oxidizes with a considerable diminu¬ 
tion in the yield. But with the above reaction there is scarcely any 
secondary action, and no charring of the sulfonic acid takes place, the chloro- 
derivatives being almost invariably produced in high yield. 

It lias been found that aromatic bodies which already contain an hydroxy 
group, as in the case of phenols and oxyacids, exhibit a special facility in 
the displacement of the sulfonic group by chlorine. The same facility 
of replacement has also been found in the case of substances which already 
contain an amido group, as in the case of nitranilines. 

The results that have been obtained are interesting. Anisol and phenetol 
sulfonic acids have given tetrachloro-ketodihydrobenzene, 


/CH ecu 

cc/ yCO; 

^CH . Cl/ 


phenol sulfonic adds yield 2,4,6-triehlorophenol; o-cresolo-5-sulfonie add 
gives 5-chloro-o-cresol, m-cresol-6-sulfonic acid and m-cresol-2,6-disulfonic 
add yield 2,6-dichloro tu-cresol; />-cresol-3-sulfonic acid gives a trichloro- 
p-cresol, whereas f-cresol-j.s-disulfonic acid yields 3,5-dichloro-p-cresol. 
From thymol mono- and di-sulfonic acids, 2,5,6-trichloro-thymol can be 
obtained, whereas carvacrol-5-sulfonic acid yields triehloro-carvacrol. 
Orcinol disulfonic add yields 3,5-diketo-methyl-pentachloro-R-hexane. 



From o-nitrophenol and p-nitrophenol sulfonic acids, 4,6-dichloro-o- 
nitropbenol and 2,6-dichloro-p-nitrophenol have been obtained, respec¬ 
tively. 0-Nitroaniline sulfonic acid and p-nitroaniline sulfonic add yield 
4,6-diehloro-o-nitroaniline and 2,6-dichloro-p-nitroaniline, respectively, 
whereas m-nitroaniline does not give any definite product. o-Hvdroxy- 
benzoie add on sulfonation and consequent treatment with chlorine gives 
3,5-dichloro-o-hydroxybenzoic acid. 2,4,6-Trisulfonic add obtained from 
m-ojtybenzoic add gives 2,4,6-trichloro-tn-oxybenzoic add, and 3-sulfonic- 
p-oxy benzoic add yields on treatment with chlorine 3,5-dichloro-p-oxy- 
benzoic add. 

The phenomena of the replacement of the sulfonic group by chlorine 
have not been systematically studied, although occasional instances can 
be found in literature. Kelbe' has shown that cymol sulfonic acid yields 
tetrachlorocymol by the action of chlorine. Meyer* has found that p- 


1 Btr., 16, <17 (1883). 

* ilonetsh., 719 (1913). 
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dichlorobenzene is formed from p-chloro-benzosulfonic add; and he 
also obtained a- and /S-chloroanthraquinones from the corresponding 
a- and fl-sutfonic adds when acted upon by chlorine. Chlorine replaces 
the sulfonic group of alizarin-jS-sulfonic add 1 to form chloroalizarin. 
Farbenfabriken vorm F. Baeyer & Co. s and Schillong* prepared chloro- 
and bromoanthraquinones from the corresponding sulfonic derivatives. 
Haller 4 studied the reaction in oxyanthraquinone. Sudborough and 
Lakhumalini 6 have studied it in amidobenzene-sulfonic adds. 


Experimental. 

Anisol. 

By the action of chlorine upon an aqueous solution of anisol sulfonic 
add, the sulfonic radical is detached with the formation of tetrachloro- 
keto-dihydrobenzene, 



,C H CCK 

CCI^ J>co, 

^CH.CCl/ 


and tetrachloroquinone as a secondary product. The ketochloride to¬ 
gether with tetradiloroquinone has been previously prepared by the action 
of chlorine upon trichlorophenol.* 

The sulfonic add is prepared by heating anisol with cone, sulfuric addon 
the water bath for about 3 hours when both the para- and ort/10-compounds 
are formed at the same time.’ Chlorine was passed through the diluted 
aqueous solution and after nearly an hour an oil collected. The cur¬ 
rent of the gas was continued until no more oil was formed. The oil was 
collected, washed and a part was treated with glarial acetic acid from 
which it was found to crystallize in colored prismatic needles melting at 122 °. 
This has been identified to be tetrachloro-keto-dihydrobenzene. The 
gladal acetic add solution of the substance acts upon the skin. 

In order to study the mode of the reaction the experiment was repeated 
and the solution exhaustively treated with chlorine whereupon the oil 
formed as before, gradually solidified, and copious flakes of yellow shining 
crystals appeared in the aqueous solution. The floating crystals were 
collected separately, dried and recrystallized from gladal acetic add. 
The crystals do not melt but sublime at high temperature and were identi¬ 
fied as tetrachloroquinone. The semi-solid mass was found to crystal¬ 
lize well from a mixture of ether and ligroin and was then fractionally 
crystallized from gladal acetic acid, yielding tetrachloroquinone and a 

1 D. R, P. 77179, 78642. 

1 Brit, pat , 1822 (1908). 

* Ber„ 46 , 1066 (1913). 

•Ibid., 46, 2703 (1913). 

*J. Chem . Soc , in, 4 1 (1917) 

• Besedikt, Monatsh,, 4, 233 {1883) 

1 Kekul 4 , Z. Chem., 1867, p. 201 ; Cahotirs, Ann., 5*, 33 (1844). 
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solid melting at 122 0 which was identified as tetrachloro-keto-dihydro- 
benzene. 

The simultaneous formation of the above two substances may be ex¬ 
plained by the assumption that anisol sulfonic add is hydrolyzed to phenol 
which yields trichlorophenol, and the latter is further chlorinated to tetra- 
cbloroquinone and tetrachloro-keto-dibydrobenzene. 

Phenetol. 

By the action of chlorine upon an aqueous solution of phenetol sulfonic 
add, the sulfonic group is detached with the formation of tetrachloro- 
quinone, and tetrachloro-keto-dihydrobenzene, 

< CH — CCk /CH = CCI v 

yC0 or CCl^ JCO. 

CH = CCK ^CH — CCl/ 

as a secondary product. The keto-chloride and the tetrachloroquinone 
were previously prepared by the action of chlorine upon trichlorophenol. 1 

The sulfonic add is prepared by the action of cone, sulfuric add upon 
anisol and then heating on a water bath when both the para- and oriho- 
compounds are simultaneously formed. 1 Chlorine was passed through 
the warm dilute aqueous solution of the sulfonic add when after nearly 
an hour an oil was found to collect. The passage of the gas was continued 
until no further increase in the volume of the oil occurred. The oil was 
collected, washed and treated with a mixture of etlier and ligroin from 
which it crystallizes as a yellow solid, melting at 115-20°. On treatment 
with gladal acetic add it yielded a small amount of white crystals melting 
at 122 0 . The substance has been identified as tetrachloro-keto-dihydro- 
benzene. The gladal acetic acid solution of the substance acts upon the 
skin. 

In order to study the mode of reaction, the previous experiment was 
repeated and the solution treated exhaustively with chlorine as in the case 
of anisol, whereupon the oil as before gradually solidified and copious flakes 
of yellow shining crystals appeared in the aqueous solution. The floating 
crystals were collected separately, dried and crystallized from gladal 
acetic add; they do not melt but sublime at high temperature. These 
crystals are very diaracteristic and have been identified as tetrachloro¬ 
quinone. The serai-solid mass was found to crystallize from a mixture of 
ether and ligroin, and the resulting crystals were then fractionally crys¬ 
tallized from gladal acetic add, yielding tetrachloroquinone and a solid 
melting at 12 2 °, which was identified as tetrachloro-keto-dihydrobenzene. 

The simultaneous formation of the above two substances can be ex¬ 
plained by the assumption that phenetol sulfonic add is hydrolyzed to 
phenol which yields trichlorophenol, and that this is further chlorinated 
1 Benedikt, ifonaisk., 4, 233 (2883). 

* Opt, Uppmann, Z , Chen., 1869, p. 470. 
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to tetrachloroquinone, and tetrachloro-keto-dihydrobenzene. In the 
present case tetrachloroquinone forms the main product. 

Phenol. 

Phenol sulfonic add on treatment with chlorine forms 2,4,6-trichloro- 
phenol, the sulfonic groups bring detached. This 2,4,6-trichlorophenol 
is also formed by passing chlorine into phenol. 1 It is prepared by the 
treatment of dil. phenol solution with sodium hypochlorite.’ Vogel* has 
shown that it is formed by passing chlorine into an aqueous solution of 
potassium phenol sulfonate. 

Into an aqueous solution of phenol monosulfonic add, preferably freed 
from any unchanged phenol, chlorine was passed to saturation. The 
predpitate formed was collected and crystallized from glacial acetic add, 
and white needle-shaped crystals obtained, melting at 67-8°, identified 
as 2,4,6-trichlorophenol. The yield is quantitative. 

Into an aqueous solution of phenol disulfonic add, prepared by sulfonat- 
ing phenol with 4 parts of fuming sulfuric add, chlorine was passed. The 
predpitate formed was separated by suction and crystallized from gladal 
acetic add giving white, needle-shaped crystals of 2,4,6-trichlorophenol. 
The yield is nearly quantitative. 

The crude trisulfonic add obtained by sulfouating phenol with fuming 
sulfuric add and phosphorus pentoxide was diluted with water and par¬ 
tially decolorized with animal charcoal. Into this solution, chlorine was 
passed for a comparatively long time, longer than in the case with phenol 
mono- and disulfonic adds. The predpitate was collected and crystallized 
from gladal acetic add, forming white, needle-shaped crystals of trichloro- 
phenol in small yield. 

The yield is quantitative in the case of the monosulfonic add but in 
the case of the disulfonic add it is slightly less, while it is still less in the 
case of trisulfonic add, this fact agreeing with the general experience that 
the greater the number of sulfonic groups to be replaced by chlorine, the 
greater the difficulty and the smaller the yield. 

o-Creeol. 

By the action of chlorine upon an aqueous solution of o-cresol-5-sulfonic 
add, the sulfonic add radical is detached with the formation of 5-cbloro- 
e-cresol. It has previously been prepared by the action of chlorine upon 
an acetic add solution of o-cresol in presence of iron.* It has also been 
prepared by the action of sulfuryl chloride on o-cresol.* 

The sulfonic add is prepared by the action of cold cone, sulfuric add 

' Laurent, Ann., 43, 209 (1842}. 

1 Chandekm, Bull. soc. chem , 38, 123 (1882). 

* Z. Gum., 1865, p. 529. 

4 Clam, Jackson, J. prakt. Chem., [2J 38, 328 (1888). 

4 Penn toner. CondoreUi, Gate. chim. Hal., 28 , 1 , 211 (1898). 
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upon o-cresol. The 3-sulfonic add is also produced at the same time, and 
being much less soluble in water, can thus be separated from the 5-sul- 
fcmic add. 1 Four cc. of o-cresol was taken and 4 cc. of cold cone, sulfuric 
add was gradually added to it, care being taken to keep it cold. The 
mixture was shaken from time to time and allowed to stand for some time. 
The whole of the syrupy liquid was then poured into water and the soluble 
portion was separated from the insoluble oily portion by means of a sep¬ 
arating funnel. The soluble portion containing the 5-sulfonic add was 
diluted with water and a current of chlorine was allowed to pass through 
it until the heavy oil which settles out is no longer formed. The whole was 
warmed on the water bath and the oil separated by means of a separating 
funnel, washed with water and dissolved in gladal acetic acid. On cooling 
and stirring it yielded r .7 g. of white crystals melting at 47 °, which were 
identified as 5-chloro-o-cresol. 

m-Cresol. 

By the action of chlorine upon an aqueous solution of m-cresol sulfonic 
adds, the sulfonic radicals are detached with the formation of 2,6-diehloro- 
m-cresol. This substance has been previously prepared by passing 
chlorine into boiling rw-crcsol. 5 

m-Cresol-6-sulfonic acid was obtained by warming wt-cresol with an 
equivalent volume of cone, sulfuric add. 5 A current of chlorine was 
passed through its aqueous solution for some time when a brown semi¬ 
solid mass was precipitated. The solid was collected, washed and crys¬ 
tallized from gladal acetic acid yielding white crystals melting at 45 
The yield from 5 cc. of m-cresol was 6.3 g. The substance was identified 
as the dichloro-m-cresol of Claus, 4 melting at 45 °. As the substance was 
found to be identical with that obtained from m -cresol- 2,6-disulf onic add 
by the replacement of sulfonic groups by chlorine as noted below it is 
evidently 2,6-dichloro-m-cresol. 

Into an aqueous solution of m-cresol-2,6-disulfonic acid prepared by 
heating one part of m-cresol with 6 parts of cone, sulfuric add to 120-40°,‘ 
a current of chlorine was passed to saturation. The solid thus formed 
was collected, washed and crystallized from gladal acetic add giving 
white crystals, melting at 45°, The substance was identified as the 
dichlqro-m-cresol* of Claus; and as the chlorine atoms have replaced both 
the sulfonic groups in positions 2 and 6, the diloro derivative must be 
2,6-dichloro-w -cresol. The yield obtained from 5 cc. of m-cresol was 8 g. 

’ Claus, Jack sou, J. prakt. Chtm., |j] 38, ,533 (1888) 

‘Claus, Schweitzer, Bet., 19, 930 {18S6). 

* Engelhardt, Lutschinow, Z. Chem., Z869, 6jj; Claus, Krauss. Brr., so, 3089 
(1887). 

4 Ibid ., 19, 930 (1886). 

* Clausa and Krauss, Ber., 30, 3089 (1887). 

* TM „ 19, 930 (:886). 
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p- Cresol. 

By the action of chlorine upon an aqueous solution of p-cresol-3-sul- 
fooic add, the sulfonic group is detached with the formation of a 2,3,6- 
or 3,5, 6-trichloro-p-cresol, whereas 3,5-disulfonic add yields 3,5-dichloro- 
p-cresol when similarly treated. 

p-Cresol-3-sulfonic add was prepared by the action of fuming sulfuric 
add upon p-cresol l in requisite proportions in the cold. A current of 
chlorine was passed through the diluted solution for a long time when it 
yielded a small amount of a product which on recrystallization from gladal 
acetic add was found to melt at 85-6°. This has been proved to be tri- 
chloro-p-cresol by an analysis for chlorine: 

Subs , 0.0574 AgCl, 0.1274 

Calc for C 5 H(CH,)(OKjCl, . Cl, 5035 Found 5078 

The only trichloro-p-cresol known is 2,3 .s-trichloro-p-cresol which 
melts at 66-7°, which cannot be identified with the substance obtained 
above. Hence this substance may be either 2,3,6- or 3,5,6-trichloro-/>- 
cresol, the probability of the formation of these being equal. 

3,5-Disulfonic add was prepared by heating the potassium monosul¬ 
fonate of p-cresol with fuming sulfuric acid 2 on the water bath. The 
diluted solution was then treated with a current of chlorine to saturation 
and warmed on the water bath. The oil which formed was collected, washed 
and crystallized from hot alcohol, yielding white crystals which melted 
at 39°. It has been identified as 3,5-dichloro-p-cresol. The yield obtained 
from 5 g- of p-cresol was 3 g. 

Thymol. 

By the action of chlorine upon an aqueous solution of a mixture of thymol 
mono-and disulfonic adds, the sulfonic radicals are detached with the forma¬ 
tion of 2,5,6-trichloro-thymol. It has previously been obtained by 
passing chlorine into thymol. 

Four g. of thymol was gradually digested with a mixture of equal volumes 
of cone, and fuming sulfuric adds and kept on the water bath* for about 
two hours when a clear solution was obtained by the addition of water. 
A current of chlorine was then passed through the diluted sulfonic add 
solution for a long time and a white predpitate obtained. The solid 
when collected, washed and crystallized from boiling alcohol, yielded 5.7 
g. of light brown crystals melting at 61 °. It has been identified as 2,3,6- 
trichloro-thymol. 

Carvacrol. 

By the action of chlorine upon an aqueous solution of carvacrol-5-sul¬ 
fonic add, the sulfonic add group is detached with the formation of trr 
chloro-carvacrol. 

1 Engelhardt and Latschinow, Z. Chm., l86p, p. 619. 

* Engelhard t and Latschinow, Jbid., 1869, p. 6ao. 
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The sulfonic acid is prepared by the action of 5 cc. of cone, sulfuric add 
upon 5 ec. of carvacrol 1 on the water bath for an hour. The resulting liquid 
was then diluted with water and treated with a current of chlorine gas 
to saturation, the solution gradually becoming turbid. An oil settles 
which was washed and dried over fused caldum chloride, yielding 3.8 
cc. and was found to decompose on boiling at atmospheric pressure. It 
was shown to be trichloro-carvacrol. 

Subs., 0.3980: AgCl, 0.5061. 

Calc, for trichloro-carvacrol Cl, 42 01 Found 42 06 
Orcinol. 

By the action of chlorine upon an aqueous solution of orcinol-disulfonic 
add, the sulfonic groups are detached with the formation ol pentachloro- 
ordnol or 3,5 -diketo-methylpentachloro-R -hexane, 



It has previously been prepared together with pentachloro-wi-diketo-R- 
hexane 1 by the action of excess of chlorine hydrate or potassium chlorate 
and mineral add on orrinol.’ 

The disulfonic add of orcinol was prepared by warming 5 g. of orcinol 
with 12 cc. (an excess) of cone, sulfuric acid 1 to 6o~8o° on the water bath 
for an hour, when the mixture was found to be completely soluble in water. 
It was diluted with water and treated with chlorine. A preripitate of 
ash-colored solid substance was immediately obtained, and complete 
predpitation took place within an hour. The solid when collected, washed 
and crystallized from gladal acetic add yielded 8 g. of wlxite crystals, 
melting at 120.5°. It was identified as pentachloro-ordnol. 

o-Nitrophenol. 

By the action of clilorine upon an aqueous solution of o-nitrophenal-4- 
sulfonic add, the sulfonic radical is detached with the production o 4 ,6- 
dichloro-o-nitrophenol. This substance has previously been prepared 
by the action of fuming nitric add upon 2,4-dichlorophenol, 6 and also upon 
the sulfonic add of 2,4-dichloropheno]. 5 It has also been produced by 
leading chlorine in 4-chloro-o-nitrophenol.' 

'{he sulfonic add is prepared by the action of 5 cc. of fuming sulfuric 
add upon 4 g. of o*nitropbenol 8 in the cold to avoid charring. The mix- 

1 Claus and Fhrion, J. prakt. Chem., (2 i 39, 356 (1889). 

* Zincke, Bet., 36, 317 (1893). 

■Stenhouae, Ann., 163, 175 (1872). 

4 Hesse, Ibid , 1x7, 324 (1861). 

* Fischer, Ann. Spl., 7, 183 (1870). 

* Armstrong, Z. Chem., 1871, p. 678, 

1 Faust and Saame, Ann. SpL, 7, 193 (1870). 

1 KekulA Z. Chem., 1867, p. 641. 
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ture was left to stand for an hour and then diluted with water and treated 
with chlorine. Solid accumulated gradually and care was taken to get 
the maximum yield. The solid was collected, washed and crystallized 
from glacial acetic add, yielding 6 g. of yellow crystals, melting at 122-3°, 
It was identified as 4,6-dichloro-o-nitrophenol. 

p-Nitrophenol. 

By the action of chlorine on an aqueous solution of p-nitrophenol-2- 
sulfonic add, the sulfonic acid radical is detached with the formation 
of 2,6-diehloro-p-nitrophenol. It has been prepared by leading chlorine 
through molten p-nitrophenol, 1 and by nitrating the dichlorinated p- 
phenol sulfonic add. 5 

The sulfonic add is prepared by the gradual addition of 3 cc. of fuming 
sulfuric add to 4 g. of p-nitrophenol.* The mixture was allowed to 
stand for an hour, dissolved in water and treated with chlorine for some 
time, when there was a copious precipitation of a yellow substance. The 
solid was collected, washed, and crystallized from glarial acetic acid and 
yielding 5 g. of light brown crystals, melting at 125 0 . The substance 
was identified as 2,6-dichloro-p-nitrophenol. 

o-Nitr aniline. 

By the action of chlorine upon an aqueous solution of o-nitraniline sul¬ 
fonic add the sulfonic radical is detached with the formation of 4,6-di- 
chloro-o-nitramline. This substance has previously been prepared by 
nitrating 2,4-dichloro-acetanilide 4 or by chlorinating 4-chloro-2-nitro- 
acetanilide,* also by leading chlorine into a solution of o-nitraniline dis¬ 
solved in cone, hydrochloric acid. 6 

Two g. of o-nitroaniline and 8 cc. of cone, sulfuric acid were heated to 
140-50in an oil bath for 8 hours. The solution was' allowed to cool 
and then diluted with water. Chlorine passed through the diluted solu¬ 
tion gave at once a copious brown predpitate, complete in about two 
hours. This predpitate was collected, washed with little water as it 
is fairly soluble in water. It is freely soluble in glarial acetic add and 
can be crystallized from boiling dil. acetic acid, yielding brown crystals 
which mdt at 100°. The nearly theoretical yield of 3.75 g. of pure sub¬ 
stance was obtained. It was identified as 4,6-dichloro-o-nitroanilme. 

p-jNitr aniline. 

By the action of chlorine gas upon an aqueous solution of p-nitroaniline 
sulfonic add, the sulfonic add radical is detached with the formation of 

1 Schifert, Ann. Spl., 7, 189 (1870). 

* Armstrong, Z. Chem., 1871, p. 518. 

* Post, Ann., 205, 38 (1880); Korner, Jahresb., 1872, p. G04. 

* Witt, Ber., 7, 1603 (1874). 

‘ Witt, Ibid ., 8, 820 (1875). 

* Xauger, Ann., 21$, in (1882). 
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S,6-cfichloro-p-nitroaniline. It has previously been obtained by the action 
of chlorine upon p-nitroaniline. 1 

Two g. of p-nitroaniline and an excess of cone, sulfuric add were heated 
in an oil bath to 140-50° for 8 hours. This digested solution was allowed 
to cool, diluted with water, and treated with chlorine. There was a copious 
predpitation, complete in about a half hour. The precipitate when col¬ 
lected, washed and crystallized from gladal acetic add yielded 2.37 g. 
of yellow crystals melting at 189° which were identified as 2,6-dichloro-p- 
nitroaniline. 

m-Nitr aniline. 

When fn-nitramline is sulfonated with excess of cone, sulfuric add, 
heated in an oil bath to 1 40-50 0 and chlorine passed into the diluted solu¬ 
tion a black solid gradually separates. Gladal acetic add, benzene, ether 
and alcohol failed to give crystals from this solid. It smelled of cbloro- 
quinone and contained mostly tarry substances. 

Salicylic Acid. 

By the action of chlorine upon an aqueous solution of salicylic sulfonic 
add, the sulfonic add radicals are detached with the formation of 3,5- 
dichloro-sahcylic add. This has previously been prepared by cautiously 
heating one molecule of salicylic add with 3 to 4 molecules of antimony 
pentachloridc. 3 It has also been prepared by the action of chlorine upon 
an acetic add solution of salicylic add 3 and by the action of chlorine upon 
a cold solution of salicylic add in potassium hydroxide.' 

The sulfonic add derivative was obtained by wanning 6 g. of salicylic 
add with 10 cc. of cone, sulfuric add 4 slowly and carefully on the water 
bath until the mass becomes soluble in water. A current of chlorine was 
then passed through the solution for a long time. The solid thus obtained 
was collected, washed and crystallized from gladal acetic add, giving 
8.3 g. of white crystals melting at 215 which were identified as 3,5-di- 
chloro-salicylic add. 

w-Oxybenzoic Acid. 

By the action of chlorine upon an aqueous solution of the tiisulfonic- 
m-oxybenzoic acid, the sulfonic radicals are detached with the forma¬ 
tion of 2,4,6-trichloro-w-oxybenzoic add. It has previously been pre- 
panfd by leading chlorine into an acetic acid solution of w-oxybenzoic add.* 

The sulfonic add derivative is prepared by gradually treating 10 g. 
of >«-oxybenzoic add at 250° with a mixture of 10 cc. of cone, and ao cc. 

1 Komer, Jahresb., 1875, 323, Witt, Bet., 8, 143 (1875). 

* Lossner, I. prakt. Chem., [t] 13, 429 (1876). 

* Smith, Ber., 11, 1225 (1878). 

' Tarugi, Goes. ckim. Hal., 30 , II, 487 (1900). 

* Remsen, Ann., 179, 107 (1876). 

1 Zincke, Ibid., i 6 t, 239 (1891). 
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erf fuming sulfuric acid. Five g. of phosphorus pentoxide 1 was then added 
and the whole was gradually heated on the sand bath to 250 0 for 8 hours. 
The mass was then coded and dissolved in a large volume of water. The 
solution was filtered from any undissolved substance and treated with 
chlorine for 12 hours when there was a copious precipitation; care was 
taken to get the maximum yield. The solid was collected, washed and 
crystallized from dil. acetic acid, and thus obtained in a yield of 12 g. 
of white crystals melting at 104-5 °* K was identified as 2,4,6-trichloro- 
m-oxybenzoic add. A small amount of tetrachloroquinone was also 
formed as a secondary product. 

p-Oxybenzoic Acid. 

By the action of chlorine upon an aqueous solution of 3-sulfonic-p- 
oxybenzoic add, the sulfonic radical is replaced with the formation of 
3,5-dichloro-p-oxybenzoic add. It has previously been prepared by the 
action of antimony pentachloride on p-oxybenzoic add.’ It is also easily 
obtained by leading chlorine into a 10% acetic add solution of w-oxyben 
zoic add.* 

The sulfonic add was prepared by treating 7 g. of p oxybenzoic add 
with a mixture of 5 cc. of cone, and 5 cc. of fuming sulfuric adds and 
carefully heating on the sand bath. The mass solidified at first, where¬ 
upon another 10 cc. of fuming sulfuric add was gradually added to it. 
The heating was continued for 8 hours, when the mass was found to dis¬ 
solve completdy in water. Chlorine was passed into this solution for 
8 hours, predpitating a solid substance which was collected, washed and 
crystallized from glarial acetic add, yielding 5 g. of a white solid which 
melted with decomposition at 255-6°. It was identified as 3,5-dichloro- 
7>-oxybenzoic add. 

Investigations along similar lines are being continued. 

Our thanks are due to Wolcott Gibbs Memorial Fund for a grant de¬ 
fraying part of the expenses of the investigation. 

Calcutta, laUA. 

* Kretschy, Ber., n, 858 (1878). 

* Loessner, J. prakl. Ckem., [2] 13 , 434 (1876). 

* Zincke, Ann,, 161, 250 (1891). 
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The replacement of sulfonic acid groups by nitro groups has not hitherto 
been studied although a few isolated instances of this sort are to be found 
in the literature. Thus, Neville and Winther 1 obtained dinitrocresol 
from o-, m-, and p-cresol sulfonic acids by the action of nitric acid; Werner 
and Kelbe 1 prepared dinitro-broinothymol from jS-bromothymol sulfonic 
acid, and a-nitro-bromothvmol from a-bromothymol sulfonic acid; Michler 
and Walder’ obtained mononitro-dimethylaniline from dimethylaniline 
sulfonic acid by the action of sodium nitrite and sulfuric acid. 

It has been found that this replacement can be effected very easily 
by means of nitrous gases, and that in the course of the reaction more 
nitro groups frequently enter the molecule with the formation of highly 
nitrated compounds. In fact, it has been found that those nitrations 
which hitherto have been achieved only by means of strong nitric acid 
or by means of nitric sulfuric acid mixtures, can often be smoothly and 
easily brought about by the above method. Again many nitrations which 
cannot be brought about at all by nitric acid can lie smoothly accom¬ 
plished by this method. 

This reaction is further useful in elucidating the constitution of nitro 
bodies derived from known sulfonic acids. The mechanism of the reaction 
may in all probability be represented thus: 

NO 

R.SOjOH + | = R.NOi + NOSOjOH 

NO; 

The nitrous gases react upon the sulfonic acid with the formation of the 
nitro derivative and nitrosy! sulfuric add. The nitrosyl sulfuric add 
in aqueous medium decomposes again into sulfuric add and nitrous gases 
which continue further action in the same way. 

The replacement of sulfonic group by the nitro group in phenol and 

r l sulfonic adds with the formation of 2,4,6-trmitrophenal and tri¬ 
cresol, respectively, has already been described. 4 
The following general behavior can be noted: Aromatic compounds 
which are already substituted by hydroxyl or halogen radicals have 
been found to be nitrated readily with the replacement of the sulfonic 
group. In some cases more nitro-groups enter the ring in suitable poa- 

1 Ser., 13, ijj46 (1880). 

' Ibid ., 16, 617 (18S3). 

' Ibid., 14, 2176 (l88l). 

* Datta and Vnmw V C Aoi » -i-: /- v 
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tions. In the case of carboxylic adds of hydroxy compounds, not only 
the sulfonic group but also the carboxyl group is replaced with the forma¬ 
tion of nitro-bodies. If the compound does not already contain substi¬ 
tuted hydroxyl, and halogen groups, the replacement does not take place 
at all, as in the case of benzene sulfonic acid which remains unacted upon 
on treatment with nitrous gases. 

The following detailed results have been obtained: o-Cresol-3-sulfonic 
add and ^-cresol-4-sulfonic add yield 3,4-dinitro-o-cresol; o-cresol-3,5- 
disulfonic add, 3,5-dinitro-o-cresol; m-cresol-6-sulfonic add and m-cresol- 

2.6- disulfonic add, 2,4,6-trinitro-m-cresol; p-cresol-3-sulfonic add gives 
3,5-dinitro-p-cresol; 1,2,4-xylenol gives 3,5-dinitro-i 2,4-xylenol; 1,3,4- 
xylenol yidds5-nitro-i,3,4-xylenol, 1,4,5-xylenolgives 2-nitro-i,4,5-xylenol; 
thymol sulfonic add yields 6-nitrothymol; resorcinol disulfonic add yields 

2.4.6- trinitro-resorrinol; anisol and phenetol sulfonic adds give 2,4- 
dinitrophenol, the alkyloxyl group being hydrolyzed in both the cases; 
o-nitrophenol-4-sulfonic add, m-nitrophenol sulfonic add and p-nitro- 
phenol sulfonic add give 2,4,6-trinitrophenol. o-Oxybenzoie acid and 
p-oxybenzoic add yield 2,4,6-trinitrophenol, whereas m-oxybenzoic add 
yields 2,4,6-trinitro-resorcinol; 3,5-dinitro-o-cresol can be obtained from 
o-cresotonic add (1 : 2 .-3); 2,4,6-trinitro-m-cresol from w-cresotonic 
add (1:3:4); and 3,5-dinitro-p-cresol from p-cresotonic add (1:4- 3). 
Sulfonic adds of chlorobenzene, bromobenzene and iodobenzene yield 
p-chloronitrobenzene, p-bromonitrobenzene and p-iodonitrobenzene, re¬ 
spectively. o-Iodotoluene gives p-nitro-o-iodotoluene. Benzyl cyanide 
has been found to give p-nitrobenzyl cyanide. Anthraquinone-/S-sulfonic 
add yields j 3 -nitro-anthraquinone. 

These interactions are generally effected in aqueous solutions, with the 
passage of nitrous gases to saturation. Finally the nitro compounds 
are crystallized from the solution. 

Experimental. 

o-Cresol. Preparation of 3 4-Dinitro-o-cresol and 3,5-Dinitro-o-cresol. 

o-Cresol-3-sulfomc acid was prepared according to the method de¬ 
scribed by Claus and Jackson. 1 The crude product after sulfonation was 
distilled in steam to free it from unchanged o-cresol. To the diluted 
solution of o-cresol-3-sulfonic add nitrous gases were added until 
absorption was complete. The solution was evaporated until crystals 
appeared and cooled, when the greater part of it crystallized. The crys¬ 
tals were drained, washed with a small quantity of water and finally re¬ 
crystallized from absolute alcohol when they melted sharply at 89.5°. 
As this melting point did not correspond with that of any known nitro¬ 
compound of o-aeaol the substance was analyzed and was found to be a 
dinitro-c-cresol: 

1 J. firakt. Chan., fa 1 38, 333 (1888). 
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Subs., o.ioir: 13.4 cc. Ni at 39° and 745.3 mot. 

Calc, (or C«HVCHi(OH)(NOi)i: N, 14.14. Pound: 14.70. 

d-Cresol-4-sulfonic acid was prepared by digesting equimolecular 
quantities of o-cresol and strong sulfuric add. 1 On treating this with 
nitrous gases as before the same dinitro-compound melting at 89.5° 
was obtained. Since this dinitro-compound is obtained both from 0- 
cresol-3-sulfonic add and o-cresol-4-sulfonic add, the substance obtained 
is evidently 3,4-dinitro-o-cresol. 

0-Cresol-3,5-disulfonic acid was prepared by dissolving o-cresol 
in fuming sulfuric add and warming the mixture for some time on the 
water bath.* The crude mixture was distilled in steam to free it from 
unchanged cresol which otherwise chars under the influence of nitrous 
gases, diminishing the yield and giving an impure product. The result¬ 
ing solution was saturated with nitrous gases and evaporated on the water 
bath until crystals separated. These were recrystallized from alcohol 
and then melted at 85°. This substance was identified as 3,5-dinitro-0- 
cresol. The yield was about 70% of the theoretical amount. 

m-Cresol. Preparation of 2,4,6-Trinitro-m-cresol. 
m-Cresol-6-sulfonic acid was prepared by mixing equimolecular 
quantities of m-cresol and strong sulfuric add according to the method 
of Claus and Kraus.’ The resulting product was distilled in steam to 
get rid of unchanged m -cresol. After saturating with nitrous gases and 
evaporating, crystals were obtained. These on recrystallization from 
alcohol gave pure 2,4,6-trimtro-w-cTesol, melting at 109-10° which was 
further identified by analysis: 

Sutra , o 1103- 17 7 cc. N> (28' and 746 mm ). 

Calc. forC,H(CH,)(NO,) ! OH: N - 17.30. Found' 17.70. 

The yield of trinitro-m -cresol was about 50% of the theoretical amount. 

m-Cresol-2,6-disulfonic acid was prepared from one part of m-cresol 
and 6 parts of strong sulfuric add, wanned for about 6 hours at 120-60V 
The product was purified from unchanged w-cresol and saturated with 
nitrous gases. On evaporating and cooling, crystals of 2,4,6-trinitro- 
m-cresol were obtained which on crystallization from alcohol melted at 
109-10°. 

* p-Cresol. Preparation of 3,5-Dinitro-p-cresol. 

p-Cresol-3-sulfonic acid was prepared by adding fuming sulfuric 
add gradually to p-cresol, the vessel containing the mixture being cooled 
from time to time in cold water and the mixture all along shaken vigor¬ 
ously. It was distilled in steam in the usual manner to free it from un- 

1 Enjelhardt and Latschinow, Z. Cbm., 1869 , p. 630; Haolks, Ber., ao, 340 (1887). 

* Clans and Jackson, Lot. tit. 

• Btr., *0, 3089 (1887). 

4 Clans and Kraus, Lot. tit . 
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changed cresol. On passing nitrous gases, a precipitate began to form, 
the quantity increasing with the passing of the gas. During the absorp¬ 
tion of the gas much heat was developed and it was necessary to keep 
the mixture cold by immersing the vessel in cold water. The product 
was collected and recrystallized from absolute alcohol when it melted at 
84°, and was identified as 3,5-dinitro-p-cresol. If the passing of the 
nitrous gases be continued for a sufficiently long time, much oxalic add 
is formed as a result of destructive oxidation. 

1.2.4- Xylenol. Preparation of 3,s-Dinitro-i,2^-xylenol. 

1.2.4- Xylenol sulfonic acid was prepared by heating on the water bath 
for about */i hour 10 g. of xylenol and 20 cc. of cone, sulfuric add. The 
product was then diluted with water and treated with nitrous gases. The 
solution turned dark in color at once and a black, resinous mass 
was deposited on the surface, some dark-colored thick liquid settling at 
the bottom of the vessel. A considerable quantity of heat was developed. 
The passing of the nitrous gases was continued for nearly an hour when 
the black, resinous mass and the separated oil were transformed gradually 
into a yellow solid product which on crystallization from alcohol gave 
bright yellow crystals melting at 125-6° and identified as 3,5-dinitro- 

1,2,4-xyIenoi. The yield was nearly quantitative. 

1,34-XyLenol. Preparation of 5-Nitro-1,3,4-xylenok 

1.3.4- Xylenol sulfonic acid was obtained by heating on the water 
bath for 2 to 3 hours 10 cc. of the xylenol with 25 cc. of a mixture of equal 
quantities of fuming and cone, sulfuric acids. The mixture was distilled in 
steam to free it from unchanged xylenol, diluted with water and then 
treated with nitrous gases. The solution began to turn turbid and the 
color changed from dark to yellow, clearing in 30 to 40 minutes, when 
a considerable quantity of yellow solid product collected on the surface 
of the liquid. This solid, crystallized from alcohol, gave beautiful crystals 
melting at 72°, which were identified as 5-nitro-i,3,4-xylenol. 

1.4.5- Xylenol. Preparation of 2 -Nitro-i 4,5-xylenol. 

14,5-Xylenol was sulfonated by mixing 10 g. of xylenol and 30 cc. of 
cone, sulfuric acid and heating on the water bath for about an hour. 
The product was diluted with water and treated with nitrous gases. The 
solution was at first dark green in color, an emulsion-like product being 
formed; but after some time the solution became dear with the separation 
of a yellow, solid product which on crystallization from benzene yielded 
light yellow crystals melting at 116-7 °, identified as 2-nitro-i,4,5-xylenol. 
The yield was quantitative. 

Thymol. Preparation of 6-Nitrothymol. 

Thymol sulfonic acid was prepared by heating thymol with fuming 
sulfuric add at 160-80° on a paraffin bath for about two hours and a 
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half. 1 A dark-colored, viscid mass was obtained. This was mixed with a 
small quantity of water and allowed to stand, when it solidified on cooling. 
The solid was removed and purified by suction. The product was dissolved 
in water and the treatment with nitrous gases continued for 3 hours 
since the reaction is very sluggish. The solution was evaporated on the 
water bath when an oil separated which solidified on cooling. This, when 
recrystallized from alcohol, melted at 130° and was identified as 6-nitro- 
thymol. The mother liquor, after the separation of crystals, gave a 
small yield of oxalic add due to exhaustive oxidation. » 

Resorcinol. Preparation of 24,6-Trinitro-resorcinol. 
Resorcinol disulfonic add was prepared by adding one part of re¬ 
sorcinol to about two parts of fuming sulfuric add and heating on the 
water bath for about an hour. 1 The dark-colored product after diluting 
with water was treated with nitrous gases when the color deared to yellow 
at the end of the reaction. On evaporating on the water bath crystals 
were obtained which on recrystallization from alcohol gave fine, yellow 
crystals, melting at 175-6“. This was identified as 2,4,6-trinitro-resordnol. 
The yield was good. 

Anisol. Formation of 24-Dinitrophenol. 

Equal volumes of anisol and sulfuric add were thoroughly mixed and 
heated on the water bath for about an hour. The liquid obtained was then 
diluted with water and nitrous gases were passed into it for about an 
hour and a half. The resulting solution was concentrated on the water 
bath until on cooling the liquid partly solidified. The substance was sep¬ 
arated and recrystallized from alcohol when it melted sharply at 115°. 
It was identified as 2,4-dinitro-phenol. 

SubB., o 1216: 17-4 cc N» (jo- and 760 mm.). 

Calc (or CiHdNOOiOH, N - 15.22. Pound: 15.92. 

Besides the usual replacement and nitration, the methoxyl group is here 
hydrolyzed to hydroxyl under the influence of nitrous gases. 

Phenetol. Formation of 24-DinitropheaoL 
Equal volumes of phenetol and sulfuric add were heated on the water 
bath, and the product mixed with water and treated with nitrous gases. 
The resulting solution on concentration partially solidified. The solid 
was collected and recrystallized from alcohol when it melted at 115-6° 
and was identified as 2,4-dlnitrophenol. The reaction Imre is strictly 
analogous to the one with anisol. 

1 Engelhardt and Latschinow, Z. Ckem., 1869, p. 44. Lieberman (Bcr., 10, 612 
(1817)) prepared 6-nitrothymol by the action of nitric add on as aqueous solution of 
tire corresponding sulfonic add. 

•Tidetchi, Ber., ai, 1267 (188S). 
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o-Nltrophenol. Formation of a 4,6-Trinitrophenol. 
o-Nitrophenol was sulfonated by adding in small quantities at a time 
one and a half molecular weight of comparatively weak fuming sulfuric 
acid to one molecular weight of the substance. During the addition of 
the add much heat was evolved and the vessel was cooled from time to 
time to prevent any loss by charring and other side reactions. When 
the addition of the acid was complete, the mixture was heated for nearly 
an hour on the water bath. It was diluted with water, filtered to separate 
the few black particles present and treated with nitrous fumes. The 
solution obtained after sulfonating the nitrophenol was yellow in color. 
During the passage of the gases very little change in color of the solution 
took place. The solution was then evaporated on a water bath till a 
solid incrustation had formed On cooling, more solid predpitate was 
obtained. This was separated, dried and recrystallized from alcohol. 
It was identified as 2,4,6-trinitrophenol. The theoretical yield was ob¬ 
tained. 

m-Nitrophenol. Formation of 2,4,6-Trinitro-resorcinol. 
m-NitrophenoI was sulfonated by mixing one molecular weight of 
nitrophenol with one and a "half molecular weights of fuming sulfuric add 
the latter being added drop by drop. During the addition, the mixture 
Was kept cooled by cold water. When the whole of the add had been 
added, the mixture was heated on the water bath for half an hour. It 
was diluted with water, filtered from the few black partides present, and 
then submitted to the action of nitrous gases for nearly two hours. The 
solution, originally dark in color, changed gradually to pale yellow, and 
when the action was complete, was evaporated on the water bath until a 
crust, formed on the surface. More solid was obtained on cooling which 
was separated by filtration, dried and crystallized from absolute alcohol, 
when it mdted sharply at 174-5 0 And was found to be trinitro-resortinol. 
The yidd was quantitative. 

p-Nitrophenol. Formation of 2 4,6-Trinitrophenol. 
p-Nitrophenol was dissolved in a little more than the equimolecular 
quantity of fuming sulfuric add and the mixture heated on the water bath 
for about half an hour. The product was dissolved in water and the un¬ 
dissolved solid partides were removed by filtration. The solution thus 
obtained was dark-colored and was, therefore, treated with animal char¬ 
coal. Nitrous gases were passed through the filtrate for about 45 minutes 
and were readily absorbed, the color changing from dark to greenish yellow 
and finally yeHow. The solution was concentrated on the water bath 
and allowed to cool, when solid crystals were obtained which melted at 
122° after recrystallization from alcohol. This substance has been identi¬ 
fied as 2.A.6-trinitrophenol. The yield was good. 
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o-Oxybenzoic Acid. Formation of 2,4,6-Trinitrophenol. 

Salicylic add was dissolved in cone, sulfuric add (one molecular weight 
of the former with one and a half molecular weights of the latter) and the 
mixture heated on the water bath for nearly one hour. The solution 
thus obtained was diluted with water to 3 times its volume and nitrous 
fumes were passed into it for nearly two hours. The dark-colored solu¬ 
tion changed gradually to yellow. During the passage of the fumes 
through the solution there was considerable evolution of carbon dioxide^ 
The solution obtained was concentrated by heating on the water bath 
and cooling, giving beautiful, yellow crystals which proved on drying and 
crystallizing from alcohol to be 2,4,6-truutrophenol, melting at 122.5 0 
A quantitative yield was obtained. 

w-Oxybenzoic Acid. Formation of 2,4,6-Trinitro-reaorcinol. 
wi-Oxybenzoic acid does not appear to form a sulfonic acid very easily 
with cone, sulfuric arid. The oxybenzoie acid was dissolved in fuming 
sulfuric arid and the mixture heated on a water bath for nearly 3 hours. 
The dark-colored liquid thus obtained was diluted with water and treated 
with nitrous fumes until no more heat was evolved and the formation 
of gas in the solution had practically ceased. The solution was then 
concentrated until a crust formed. It was then cooled when a large 
quantity of yellow product was obtained, which on separation and crys¬ 
tallization was identified as 2,4,6-trinitro-resorcinol, melting at 175.5 0 . 
The yield was good 

/•-Oxybenzoie Acid. Formation of 2^,6-Trinitrophenol. 

A mixture of to g. of p-oxv benzoic acid dissolved in 20 cc. of fuming 
sulfuric acid was heated on a water bath for about two hours and a half. 
The product was dissolved in water and treated with nitrous gases until 
no more heat was evolved. Gas was evolved from solution, and at a certain 
stage the evolution was so rapid as to give the appearance of brisk boil¬ 
ing. During this period the color of the solution changed from dark to 
greenish and finally yellowish green. In about an hour and a half the 
operation was stopped and the solution concentrated till a solid incrusta¬ 
tion formed on the surface of the liquid. On cooling, crystals separated 
whit$ on recrystallization from water melted at 122.5 0 and weTe identi¬ 
fied as 2,4,6-trinitrophenol. The yield was quantitative. 

o-Cresotonic Acid (1:2:3). Formation of 3,5-Dmitro-o-cresol. 

A mixture of 10 g. of o-crcsotonic acid with 30 cc. of fuming sulfuric 
acid was thoroughly shaken and heated on a water bath for about one 
hour and a half. The dark-colored liquid thus obtained was dissolved 
in water very carefully by adding small quantities to cold water. Nitrous 
gases were then passed through this dark-colored solution when gas evolu¬ 
tion set up eraduallv anA •» — *'— * " 
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turbid and a yellow precipitate began to form. In an additional half 
hour the precipitation was found to be complete, leaving a dear solution. 
The solid was dried and recrystallized from alcohol when it melted at 
85-6° and was identified as 3,5-dinitro-o-cresol, The yield was quanti¬ 
tative. 

w-Cyesotonic Acid (1:3:4). Formation of 34,6-Trinitro-w-cresol. 

The sulfonic add derivative of this substance was prepared by dis¬ 
solving 10 g. of wt-cresotonic acid in 20 cc. of fuming sulfuric acid and 
heating the mixture on a water bath for one hour and a half only. The 
dark-colored liquid was added drop by drop to cold water and the result¬ 
ing solution submitted to the action of nitrous gases, when as in the case 
of o-cresotonic acid, effervescence commenced, heat was evolved, and the 
solution became turbid. In an additional half hour the formation of 
the yellow precipitate was complete, the passing of the gases being con¬ 
tinued until no more heat evolution could be noticed. The product was 
concentrated on the water bath when the precipitate dissolved, but it 
repreripitated in copious quantity on cooling. It was filtered and crys¬ 
tallized from alcohol 3 times when it melted sharply at 109-10°, and was 
identified as 24,6-trinitro-wi-cresoI. 

p-Cresotonic Acid (1:4:3). Formation of 3,5-Dmitro-p-cresol. 

By the action of nitrous fumes on the sulfonic arid derivative of p- 
cresotonic acid, 3,5-dinitro-p-cresol was obtained in theoretical yield in 
a high state of purity. The sulfonic acid derivative consists of colorless, 
fine, needle-shaped crystals not quite so easily soluble as the sulfonic arid 
derivatives of the other cresotonic adds. It was prepared by dissolving 
10 g. of the p-cresotonic arid in 20 cc. of fuming sulfuric acid and heating 
the mixture for nearly two hours on a water bath. When the action was 
complete the product was mixed with water and at once solidified to a mass 
of fine crystals, which were dissolved in water and submitted to the action 
of nitrous fumes. A solid formed on the surface of the liquid with the 
liberation of much heat and the evolution of minute bubbles of gas. When 
no sign of further reaction could be noticed, the operation was stopped 
and the solid separated, dried on a porous plate and crystallized from al¬ 
cohol. The mother liquor was concentrated on the water bath and more 
solid obtained on cooling. These beautiful, yellow crystals proved to Ik 
3,5-diaitro-p-cresol, melting at 84°. 

Chlorobenzene. Preparation of p-Nitrochlorobenzene. 

Equal volumes of chlorobenzene and strong sulfuric add were mixed 
and heated on the water bath for about two hours. Nitrous fumes were 
then bubbled through the solution for nearly two hours after which no 
more action between the substances could be noticed. The action in this 
— — than «, thp ram. of iodo and bromobenzene s ulfo nic acids. 
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No solid appeared in this case, but by pouring the liquid in cold water, 
a solid separated from solution. It was filtered off, dried and recrystallized 
from alcohol, when it melted sharply at 82-3°, and has been identified 
as p-nitrochlorobenzene. 

Bromobenzene. Preparation of p-Nitrobromobenzene. 

Equal volumes of bromobenzene and fuming sulfuric acid were mixed 
and heated on the water bath for about an hour. The solution was 
then slightly diluted with water and treated with nitrous gases for half 
an hour, when crystals began to form on the sides of the vessel. The 
solution was shaken from time to time and to prevent too much rise of 
temperature, the vessel was cooled by immersing in cold water. When 
the action slackened, the liquid was poured into a large volume of water 
whereupon the solid product precipitated. The whole operation did not 
take more than an hour. The solid on crystallization from glacial acetic 
acid proved to be p-nitrobromobenzene, melting at 116-27°. 

lodobenzene. Preparation of p-Nitroiodobenzene. 

Iodobenzenc sulfonic acid was prepared by shaking thoroughly equal 
volumes of iodobenzene and fuming sulfuric acid and heating the mixture 
on a water bath for an hour. It was cooled and then submitted to tin: 
action of nitrous gases. In a few minutes a copious precipitate formed, 
to which water was added to effect a complete separation of the solid. 
The latter was separated by decantation, dried on a porous plate and 
crystallized from benzene. It melted sharply at 170-1° and was identi¬ 
fied as p nitroiodobenzene. 

o-Iodotoluene. Preparation of p-Nltro-o-iodotoluene. 

o-Iodotoluene was mixed with twice its volume of fuming sulfuric add 
and heated for 4 hours, when the reaction seemed to be complete. It 
was then diluted with water and submitted to the action of nitrous fumes 
for 2 to 3 hours. The action was comparatively slow, and when no more 
heat was evolved the current of nitrous gases was discontinued, the mixture 
shaken thoroughly and poured into a large volume of water, when a solid 
product was obtained which on repeated crystallization melted at 102°. 
It was identified as p-oitro-o-iodotoluene. The yield was good although 
not quantitative, due probably to the incomplete formation of the sulfonic 
add. 

Benzyl Cyanide. Preparation of p-Nitrobenzylcyanide. 

By the action of nitrous gases on benzyl cyanide dissolved in strong 
sulfuric add, p -nitrobenzyIcyanide was obtained. This compound has 
been previously obtained by the action of 5 parts of nitric add on one 
part of benzyl cyanide. 

A mixture of 10 cc. of strong sulfuric acid and to cc. of benzyl cyanide 
was well shaken for about 15 minutes and then heated cm a water bath for 
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an hour. The action was very vigorous at first and the solution became 
a dark-colored, viscous mass. This was dissolved in water and treated 
with nitrous gases, when much heat was evolved with the formation of 
a dark, oily product. This oil was separated and allowed to stand until 
the change into a yellow product was complete. On recrystallization from 
acetic add the substance melted at 83 and was identified as ^-nitrobenzyl- 
cyanide., 

Anthraquinone. Preparation of d-Nitro-anthraquinone. 

A mixture of 10 g. of anthraquinone and 10 cc. of fuming sulfuric acid 
was heated on a paraffin bath for about 2 hours, and the product dissolved 
in water and treated with nitrous gases. When reaction was complete, 
the solution was evaporated and a yellow solid obtained. It was soluble 
in chloroform and acetone, from which on crystallization a product melt¬ 
ing at 180 0 was obtained, which was identified as d-nitro-anthraquinone. 

Additional investigations along similar lines are being made. 

Calcutta, Zkdia 


[Contribution from the Department of Chemistry, University of California j 

TETRAPHENYLDIARSINE. 

By C. W Porter and Parry Bokgstrom 

Received September 6, 1919. 

The earliest attempt to prepare tetraphenyldiarsine was made by 
LaCoste and Michaelis 1 who heated diphenylchloroarsine, (C*H*)*AsCl, 
with zinc in a sealed tube at ioo°. The crystalline body they obtained 
melted at 154°, and analyses showed 53.01% carbon instead of 62.88%, 
the theoretical value. Lack of material prevented them from making 
further examination of this body. 

Two years later Michaelis and C. Schulte* reported the preparation 
of tetraphenyldiarsine by heating tetraphenyldiarsine oxide, (CdDiAsiO. 
in absolute ethyl alcohol with phosphorous add. It was found to be a 
crystalline body, melting at 135 °. The substance oxidized readily in the 
air forming the anhydride of diphenyl arsenic acid, (QJDiAsaOj. 

Later, Michaelis* reported its preparation by heating an alcoholic 
solution of diphenylarsenic add, (C«H s )jAsOOH, for 10 hours with a 
large excess of phosphorous add. It was described as a crystalline body 
spontaneously combustible in air. The oxidation product of the sub¬ 
stance in a stream of carbon dioxide containing some oxygen was identified 
as tetraphenyldiarsine oxide. 

More important work was done by Schlenk 4 who determined the 
1 Ann., Ml, 222 (1880) 

•Bn., IS> 1952 (1882) 

•Ann., 321, 148 (1902) 

* HU-. 394 , 216 (1912) 
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molecular weight of tetraphenyldiarsine. On the basis of one measure¬ 
ment he concluded that the body does not dissociate at the boiling point 
of benzene. 

In view of the fact that some aromatic derivatives of ethane 1 and of 
hydrazine* dissociate with the production of free radicals capable of 
independent existence, it was considered worth while to redetermine the 
molecular weight of tetraphenyldiarsine and to measure its iodine and 
oxygen absorption with the hope of securing evidence of dissociation into 
radicals of the type (C&Hi)iAs~. 

The tetraphenyldiarsine was prepared by means of the following re¬ 
actions: triphenyl arsine was made from phenylmagnesium bromide and 
arsenic trichloride.* This application of the Griguard reaction was 
found to be very much more successful than the use of sodium on a mixture 
of arsenic trichloride and chlorobenzene. 4 

Triphenyl arsine (0.2 mol) and arsenic trichloride (0.1 mol) were heated 
in sealed tubes to 200® for 4 hours.* The mixture of diphenylchloro- 
arsine (b. p. 333°) and monophenyldichloroarsine 
(b. p. 252°) formed was separated into two com¬ 
ponents by fractional distillation. The mono¬ 
phenyl derivative was then converted into diphe- 
nylchloroarsine by the use of mercury biphenyl.' 

After complete purification of the substance 
according to the method of Michaelis 7 it was Qy 
converted into tetraphenylarsine oxide by boiling 
with a solution of sodium hydroxide. 7 The oxide 
was extracted from the solution by ether and' 
recrystallized. 

Five g. of the oxide was added to 75 cc. of ab¬ 
solute alcohol. 7.5 g. of solid phosphorous add 
waa added to 75 cc. of absolute alcohol. Both 
solutions were saturated with dry nitrogen puri¬ 
fied from oxygen according to the method of C. 

Van Brunt.* The solutions were mixed in the 
apparatus shown in drawing (Fig. 1) after it had 
been filled with nitrogen and thoroughly dried. 

The solution was boiled tor 3 hours. On cool- 



1 Gomberg, This Journau 22, 757 (1900), and many later papers. 
1 Weiland, Ann., 381, 200 (1911); 39»> i*7 (191*). 

• Pfeiffer, Ber., 37, 4620 (1904). 

4 Phillips, Ibid., 19, 1031 (1886). 

• Michaelis and Paetow, Ann., *33, 64 (j886), 

• Michaelis and Link, Ibid., tvj, 19s (1881). 

7 Midiaelh, Ibid., 311,141 (1902). 

' This Joujcnax. 36,1448 (com) 
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ing, the tetraphenyldiarsine separated as white leaflets. After the mother 
liquor had been decanted off the crystals were washed by decantation 
with absolute alcohol and then with dry ether. During the whole process 
dry nitrogen was passed through the apparatus. The crystals were dried 
by a stream of warm dry nitrogen and then deposited in the small side 
tubes by shaking. These were then sealed off without coming in contact 
with the air. 

Pure, dry tetraphenyldiarsine, when exposed to the air, absorbed oxygen. 
If the crystals were scattered they oxidized in the air without melting, 
but if in large groups they melted. But the material never became 
spontaneously inflammable as reported by Michaelis. 1 From the solid 
oxidation products diphenylarsenie add, (CoHj) 2 AsOOH (m. p. 170°) 
and tetraphenyldiarsine oxide, (C 4 H 4 )*As20 (m. p. 91 a ) were isolated. 

In solution in xylene it showed no color even when heated to 155 0 
in a sealed tube. It was not very soluble in benzene, and at 20° the 
greatest concentration that could lie obtained was about 1%. 

Tetraphenyldiarsine reacted with hot alcohol. Fine, needle-shaped 
crystals were predpitated and the solution became yellowish in color. 
On evaporation, a yellow oil, with an intense and disagreeable odor, 
separated. This yellow oil reacted with iodine rapidly and at the same 
time the solution became acid. On addition of a solution of silver nitrate 
a yellow predpitate formed which darkened in the light. The compound 
was identified as diphenylarsine (C e H 5 )jAsH. It had the properties 
described by Dehn and Wilcox.* When oxidized by the air tetraphenyl¬ 
diarsine was dissolved in dry benzene and allowed to stand with oxygen 
over it, the absorption of the oxygen slowly approached the quantity 
necessary for the formation of tetraphenyldiarsine oxide. 

A small tube containing tetraphenyldiarsine was broken in absolute 
benzene which was thoroughly saturated with nitrogen, and at all times 
there was nitrogen over the solution. The solution absorbed iodine 
readily and acquired a faint yellow color. This point was noted in each 
run, but it was not a fixed point. When the solution was older the color 
appeared with less iodine. The titration with iodine was carried beyond 
the end-point and the solution allowed to stand. After about 24 hours a 
crystalline body began to separate from solution. In one run there was 0 
separation of a red oil, but this on standing gradually crystallized. The 
crude crystals, probably diphenyliodoarsine were brown in color and 
melted at about 30°. 

A tube of tetraphenyldiarsine was broken in an evacuated vessel of 
one liter capacity. On heating to 200 0 in an oil bath the vapor pressure 
developed was about 1 nun. On cooling there was no sign of decomposi- 
1 Lot . cii. 

* Am Otm %K. A* (1006). 
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tion, and tetraphenyldiarsine crystallized again. On heating to about 
300° there was decomposition, and metallic arsenic was deposited on the 
sides of the container. The container was opened, the contents extracted 
and recrystallized. The product melted at 59 0 , corresponding to tri- 
phenylarsine. The decomposition may be represented as follows: 
3(C*H 5 )4Ass = 4 (C»Hi)jAs -f 2As. 

It was impossible, therefore, to determine the molecular weight of the 
compound in the vapor phase. 

The molecular weight was determined in naphthalene as a solvent. 
(K ■* 6900.) 

M W. 


Wt of Wt of 

aubstancc. G. solvent G 

O 4088 41 6 

n 8381) 4S s 


Calc for 

Af Hound 

r. 090 3 755 458 

o 126 3 765 


Evidently the tetraphenyldiarsine in naphthalene at the freezing point 
was not dissociated but rather associated. 

Conclusion. 

Tetraphenyldiarsine, when exposed to air, oxidized to tetraphenyl¬ 
diarsine oxide and diphenylarsenic add. In benzene solution it gradually 
absorbs oxygen sufficient for the formation of tetraphenyldiarsine oxide. 
The tetraphenyldiarsine absorbs iodine rapidly, and from the solution a 
crystalline iodide slowly precipitates. It decomposes in hot alcohol, 
forming dipbenylarsine. 

Its vapor pressure at 200° is about 1 mm. At 300 0 it decomposes 
in a vacuum with the deposition of arsenic and formation of triphenyl- 
arsine. 

The molecular weight cannot be determined in the vapor phase due to 
decomposition. In naphthalene it is apparently assoriated. 

The bond between the arsenic atoms is easily broken, oxygen and iodine 
being rapidly absorbed; but these experiments furnish no evidence of the 
independent existence of a bivalent arsenic radical. 

RvxKBUtv, Cal. 
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RESEARCHES ON QUIN AZOLINES. XXXIV. THE SYNTHESIS 
OF CERTAIN NITRO AND AMINO BENZOYLENE 
UREAS AND SOME COMPOUNDS RE¬ 
LATED THERETO. 

By Marston Taylor Booert and George Scatchard 1 

« Received September 15 , 1919 . 

Introductory. 

In 1916, the authors published a paper 2 on dinitro-benzoylene urea, 
calling attention to the fact that its monosodium salt was a very sensitive 
indicator for hydrogen ion concentrations between the limits of 6 and 8 
on the Sorensen scale. 

The experimental work set forth in the present paper supplements 
that given in the article just mentioned, describes the various steps lead¬ 
ing up to the synthesis of the dinitro-benzoylene urea, and records the 
preparation and study of some related compounds. 

Briefly, the work followed these main lines • 

x. Anthranilic add was converted into o-uramino benzoic acid by the 
action of potassium isocyanate in acid solution, the uramino add changed 
to benzoylene urea by treatment with cone, sodium hydroxide solution, 
and the benzoylene urea then nitrated and the ixitro derivative reduced. 

By direct methylation of benzoylene urea with methyl iodide and alkali, 
3-monomethyl and 1,3-dimethyl-benzoylene urea were prepared. 

2. c-Uramino benzoic add was nitrated to the dinitro derivative and 
the latter converted into its methyl ester. By heating the latter with 
ammonia under pressure, 6-nitro-benzoylene urea was obtained. 

3. 5-Nitro-z-acetamino toluene was oxidized to 5-nitro-acetanthra- 
niiic add, the product de-acetylated and fused with formatnide, yielding 
thus the 6-nitro-4-quinazolone. 

By direct nitration of benzoylene urea, both mono- and dinitro deriva¬ 
tives were obtained. The second nitro group enters the molecule much 
more readily than the first In fact, even with calculated (one mole) 
quantities of nitric add, it was found difficult to get the mononitro deriva¬ 
tive without simultaneous formation of some dinitro. 

The structure of the dinitro benzoylene urea is a problem of unusual 
interest because of the use of its monosodium salt for the purpose men¬ 
tioned above. The location of one nitro group is quite certainly at posi¬ 
tion 6 , in view of the synthesis of the dinitro derivative from 6-nitro 
1 This paper is based upon experimental work carried out by Mr. Scatchard as 
part of the requirements for the degree of Doctor of Philosophy under the Faculty of 
Pure Science, Columbia University. Its publication has been delayed by the war 
service of both authors. M. T. Bocert. 

* Tars Journal, 38, 1606 (1916). 
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benzoylene urea. It seems most likely that the other nitro group is in 
position 8, as this would be the natural place for a second one to enter, 
m«ta to the first nitro group and to the carbonyl group, and ortho to the 
amine group. The ease with which it enters argues against any other 
location in the benzene side of the nucleus. Attachment to the nitrogens 
of the miazine half is improbable, because of the formation of the dinitro 
compound in add solution (conditions which generally hydrolyze the 
-N.NOj grouping) and of the fact that no nitrogen could be split off from 
it by boiling with water or with acetic add. Synthetic proof of this con¬ 
clusion is still lacking. Since 5-nitro-anthranilic add refused to react with 
urea or potassium isocyanate, it seemed useless to attempt the condensa¬ 
tion with 3,5-dinitro-anthranilic add. 

Certain of the properties of benzoylene urea merit mention. Like its 
7-methyl derivative 1 it forms a dinitro derivative with the greatest ease. 
This is probably due, in part at least, to its di phenolic character (in the 
enol form). While benzoylene urea itself readily yields 1- and 3-mono¬ 
methyl and 1,3-dimethyl derivatives when treated with methyl iodide 
and a base, dinitro benzoylene urea cannot be methylated at all in the 
same manner. Connected with this is the fact that neither 3-methyl- 
nor 1,3-dimethyl-benzoylene urea can be nitrated by long boiling with 
cone, sulfuric and fuming nitric adds, according to our experiments. 

The work of Griess 1 on o-uraminobenzoic add and on its dinitro deriva¬ 
tive was repeated and the methyl esters also of these two adds were 
prepared and studied. The dinitro add probably has the fo lowing consti¬ 
tution; (z)0 i N.NH.C0.NH.C 9 H j (NO 2 )(5)C0OH(i), since when boiled 
with water it breaks down into 5-nitro-anthranilic add, nitrous oxide and 
carbon dioxide. The formation of nitrous oxide indicates that the second 
nitro group is on the terminal nitrogen of the urea residue, inasmuch as 
the two nitrogens are found united in the decomposition product. The 
reaction may be assumed to be a preliminary hydrolysis to nitro-isatoic 
acid and nitramide, both of which undergo further hydrolysis in the hot 
aqueous solution, the former into 5-nitro-anthranilic add and carbon 
dioxide, the latter into nitrous oxide and water. 
0>N.NH.CO.NH.C«Hs(NOt)COOH + H,0 —► 

, HOOC.NH.C»Hj(NOi)COOH -f OtN.NH —> 

HjN.QHjCNO^COOH + COi + N,0 -t- HjO. 

The methyl ester of the dinitro add decomposes similarly, giving methyl- 
nitro-aathranilate. 

If the action of ammonia followed the same course as with the tneia 
add,* breaking out only the nitro group from the side chain and forming 

* Nwmentowskl, J. prakt. Ckem., la] 51, 564 (1895). 

* J. prakt. Cham., [a] $, 369 (187a). 

* Griess, Ibid., (a] s, aa? (187a). 
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5-nitro-2-uramino-benzoic add, the latter should condense in the alkaline 
solution to 6-nitro-benzoylene urea. This reaction could not be realized 
with the free dinitro acid, for the apparent reason that its instability and 
velocity of decomposition were too great. The condensation was ac¬ 
complished, however, with the methyl ester of this add. 

This is in line with the behavior of o-uramino-benzoic add itself, which 
decomposes when boiled with water, whereas its methyl ester under similar 
conditions condenses smoothly to benzoylene urea. 

The literature of 5-nitro-anthranilic add was found to be rather badly 
confused and we hope that we have cleared it up somewhat. 

Apparently the nitro group in 5-nitro-antiiranilic acid exerts a dedded 
steric hindrance to the replacement of the amino hydrogens by other 
groups or residues, for it was found impossible to obtain any condensation 
with urea, or with potassium isocyanate in add solution, although the at¬ 
tempts were made under various conditions, including the method of 
Bailey and Read. 1 The method of Sonn* for the preparation of substituted 
ureas was not tried, since Sonn found that the amino groups of anthranilic 
add and of o-nitraniline were too weakly basic to give the condensation 

Johnson and Scott* noted that anthranilic acid refused to condense to 
a thioquinazolone when treated with ammonium thiocyanate and acetic 
anhydride. We can corroborate this, and can report that the 5-nitro- 
anthranilic add behaves similarly. 

If Johnson’s theory 4 of the mechanism of this reaction is correct, the 
above facts are most simply explained on the assumption of a lactame 
structure for the intermediate acetanthranil, as the latter is the first product 
of the action of acetic anhydride upon anthranilic acid. If the anthranil* 
possessed the metoxazwne structure, it would resemble the lactone anhy¬ 
drides of the or-amino adds, which are the intermediate products in the 
formation of thiohydantoins, and should react, therefore, analogously to 
form a thiobenzoylene urea. 

/CO /CO -O A' O--O 

C.H/ | QH/ I CH/ I 

x N.CO.R \N ~C.R X N—C.R 

Acylanthranil Lactone anhydride 

(Lactame.) (Metoxazone.) of a-amino acid 

By fusion of the 5-nitro-anthranilic add with formamide, 6-nitxo-4- 
quinazolone was obtained and shown to be identical with the compound 
prepared by Bogert and Geiger* by direct nitration of 4-quinazolone. At 

1 This Jotonai., 37, 1884 (1915). 

» Ber., 47 , 2437 (19*4). 

* This Jocriml, 35 . r» 3 ° (1913)- 

*IUd., 3 Sr U36 (1913). 

* For a diacusaton of the structure of ecylanthranih, see Heller, Brr., 48,1183 (1915). 

4 This Journal, 34,324 (1912). 
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the time, Bogert and Geiger expressed the opinion that the nitro group 
would be found to be in position 6, and this synthesis proves the correct¬ 
ness of the deduction. 

Experimental. 

o-Uramino-benzoic Acid (u-Ureido-benzoic Acid), HjN.CO.NH.- 
CjKU.COOH, was prepared first by Griess 1 by the interaction of an- 
thranilic arid and potassium isocyanate in presence of hydrochloric add, 
but he gave no details of his process or description of his product, other 
than to note that it crystallized in small, white needles. Gabriel and 
dolman’ later prepared it in much the same way and obtained a fine, 
crystalline powder. 

Twenty-seven g. of anthranilic arid was treated with 20 cc. (calculated, 
16 cc.) of cone, hydrochloric arid, themixture dissolved ina liter of hot water, 
filtered and the filtrate cooled. A solution of 20 g. (calculated, 16 g.) 
of potassium isocyanate in 50 cc. water was added slowly with mechanical 
stirring. When about half of the cyanate solution had been run in, the 
mixture suddenly set to a pasty mass of crystals. After all the cyanate 
had been added, the mixture was left overnight, the precipitate filtered 
out, washed with water and dried on a porous tile. Microscopic, colorless 
needles, decomposing at 162-4° (corr.), were thus obtained. Yield, 
27.3 g. or 72.7 l 'c of the theoretical amount. The compound was purified 
by dissolving it in absolute methyl or ethyl alcohol at room temperature, 
stirring with animal charcoal, filtering, and concentrating the filtrate 
in vacuo at 10- 20°. The purified acid separated in tufts of fine, colorless, 
silky needles, decomposing at 171-2° (corr.) with formation of 
benzoylene urea. It is so rapidly changed into benzoylene urea by the 
action of heat, of alkali or of mineral acid, that it cannot be purified 
satisfactorily either by crystallization from hot solvents or by solution in 
alkali and reprecipitation by mineral add. 

Subs , 0.1 6og, o 2571 21.60 cc N at :i° and 763.7 mm , 33 85 cc. N at 18° and 
766.7 mm. 

Calc, for N, 15 52. Found 1 13.34, '5 27. 

It is practically insoluble in ligroin; very slightly soluble in water, carbon 
tetrachloride, carbon ^disulfide hr cold toluene; somewhat more soluble in 
chloroform, benzene*or hot toluene; moderately soluble in ether; and dis¬ 
solves readily in methyl or ethyl alcohols, acetone or ethyl acetate. Hot 
water decomposes it. 

It is very easily condensed to benzoylene urea by a variety of reagents. 
Heated in an oil bath to 190-200°, it yields 30% of the theoretical amount, 
while cone, aqueous sodium hydroxide gives nearly a quantitative yield. 

1 J.prakl. Ckm,, bis,371 (187a). 

•ifcr.. 38,3561 (»9©j). 
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Gabriel and Colman 1 have shown that heating with 20% aqueous hydro¬ 
chloric add also causes this condensation. 

Methyl Ester. —The condensation of methyl anthranilate with 
potassium isocyanate could not be carried out in hydrochloric add solution, 
for the reason that the concentration of acid necessary to get the anthran¬ 
ilate into solution decomposed the cyanate; and, as the add concentration 
diminished,' the unchanged methyl anthranilate separated as an oil. 
Acetic add, therefore, was substituted for hydrochloric add, and the re¬ 
action then ensued smoothly and without difficulty. From 20 g. of methyl 
anthranilate, 600 cc. of 50% acetic acid and 12 g. (calc., 10.9 g.) of potas¬ 
sium isocyanate, 26 g. of methyl uramino benzoate was obtained, which is 
the theoretical yield. Purified by crystallization from methyl alcohol, it 
formed glistening, white needles, melting with decomposition at 177- 
7.5 0 (corr.). 

Subs , o. 1816 23 00 cc N nt 30" and 761 2 mm 
Calc for C*H 10 OiNr N, 1442. Found: 1444 

Its solubilities are much the same as those of the free add. When 
heated above its mdting point, or boiled with water, it gives off odors 
resembling those of methyl anthranilate and methyl salicylate, but the 
chief product is always benzoylene urea. The latter is also formed when 
the ester is dissolved in 30% aqueous sodium hydroxide solution or in cone, 
sulfuric add, or when it is treated for a few hours with a saturated solution 
of ammonia in water, methyl or ethyl alcohol, ether or benzene. In no 
case was there any evidence of amide formation, as the result of the action 
of ammonia upon the ester. 

Benzoylene Urea (2,4-Diketo-tetrahydro-quinazoline), 

r-1 

NHCONHCtHiCO.—Of the various methods which have been used for 
the preparation of benzoylene urea, the most promising seemed to be the 
fusion of anthranilic acid with urea 1 and the condensation of o-uramino- 
benzoic add. 

The first experiments, therefore, were concerned with the urea method. 
It is believed that the benzoylene urea formed in this process owes its origin 
to the following changes: 

HjNQH^COOH + HjNCONHj —► HjNCONHC^COONHs —*» 

HN CON HCjI^CO + H ,0 + NH* 
inasmuch as the meta- and para- aminobenzoic adds give the corresponding 
uramino-benzoic adds when fused with urea, 1 ammonia is evolved during 
the fusion quite freely, and we have shown that both uramino-benzoic add 

1 hoc. cii. 

* Cries*, B»., 2, 416 (1869); J. prakt. Chem., [*J 5, 371 (1872). Set also Abt., 
J. prakt. Chem., fi] 39,143 (1889) and Pawleaki, Btr., 38, 130 (1905). 

* Griess, J. prakt. Chem., [j] 5, 369 (1872). 



StSTHgS® OR BENZOYLENE ureas. 


2057 


and its ammonium salt yield benzoylene urea when heated, Further, 
Paal 1 has proven that o-phenylur amino-benzoic add gives 3-pheayl- 
benzoylene urea, and Pawleski* has produced the same substance by fusing 
aathranilic add with monophenyl urea. In fact, Welland* states that 
uramino adds are formed by heating together amino adds and urea, in 
neutral aqueous solution, even at 42-5 °. 

In testing the stability of anthranilic add to heat, it was ascertained that 
it begins to sublime and to give off carbon dioxide at its melting point 
(145 0 ), the evolution of gas being quite rapid at 160-5°. 

If the temperature is carried too high during the fusion of anthranilic 
add and urea, some of the benzoylene urea already formed is decomposed 
into anthranilic nitrile and carbon dioxide.' 

In spite of numerous trials and a careful study of the various factors in¬ 
volved, the yields could not be raised above 46% of the theoretical amount. 
Further, with increasingly large amounts the yields grew steadily poorer, 
presumably because of the difficulty in heating the larger melts uniformly. 
As products of the reaction, in addition to benzoylene urea, there were 
identified, water, ammonia, carbon dioxide and ammonium carbamate, 
and evidence was obtained also of the presence of anthranilic nitrile and 
of biuret. As Werner*' has shown, when urea is heated it suffers decomposi¬ 
tion into ammonia and isocyanic acid, at temperatures just above its 
melting point (132 °), some of the latter then polymerizing to cyanuric 
add and some combining with unchanged urea to form biuret. At higher 
temperatures (190-200°), some ammelide is produced, but we did not dis¬ 
cover any of this compound in our melts. 

By the action of strong aqueous sodium hydroxide upon o-uramino- 
benzoic add, benzoylene urea can be prepared rapidly and in any desired 
amount, as already described in our pre%ious artide. 

From water or dil. acetic add, it separates in colorless needles, and from 
glacial acetic in small plates. By careful and repeated crystallization, 
a melting point of 353-4 0 (corr.) was obtained, and this could not be raised 
by further crystallization. It sublimes unchanged at high temperature. 
Its solubility at 23° is 0.000741 mole (0.129 g.) per liter of water. It is 
difficultly soluble in ethyl alcohol, and but slightly soluble in amyl alcohol or 
in carbon tetrachloride. By direct nitration, it gives 6-nitro- and 6,8-di- 
nitro-benzoylene urea. Fused with oxalic acid, it gives no carbazole blue 
reaction. 

1 Bar., 27, 978 (1894) 

* Ibid., 38, 130 (1905) See also Kunckell, Ibid, 38, 1213 fiooj) and 43, 1237 

(1910). 

* Chem. Zenit., tpta, I, 1230. 

'Compare Abt, J. prakt. Chem., {a} 39, 143 (1889) sod Hasllnger, Ber„ 41, 

• 431 (1908). 

* /. Chem. Sec., 103, 1010, 2273 (1913) 
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Sodium Salt. —Purified by repeated crystallization from dil. aqueous 
sodium hydroxide, this salt was obtained in long, white needles, containing 
water of crystallization which was lost at room temperature in vacuo over 
sulfuric add. 

. Subs,, 1.0032; NajSO«, 03824. 

Calc, for C,H,OjNjXa: Na, 12.30. Found: 12 34. 

The solubility of this salt at 23 0 was determined by taking a measured 
volume saturated at that temperature, heating to boiling, addifying with 
hydrochloric add, cooling, filtering out the predpitated benzoytene urea, 
and drying it to constant weight in a Gooch crudble at 120°. This gives 
the difference in solubility between the benzoylene urea itself and its sodium 
salt. 

100 cc. of solution saturated at 23° gave 0.7024 g. benzoylene urea, indicating a 
solubility of 0.0433 mole per liter, or 07967 g. C«H fc O a NjNa per 100 cc., assuming the 
solubility of the free Vnzovlcne utea to be practically zero 

r -1 

6-Ritro-benzoylene Urea, NHC 0 C*Hj(NO 2 )NHCO, was prepared 
by the direct nitration of benzoylene urea, and also by the action of aqueous 
ammonia upon methyl-dinitro-uramino-benzoate. It could not be ob¬ 
tained by the fusion of 5-nitro anthranilic acid with urea, nor by the action 
of ammonia upon the free dinitro-uramino-benzoic add. This is in har¬ 
mony with the experience of Lederer* who heated an intimate mixture of 
urea and 5-nitro-2-anilino-benzoic acid at 205 °, without accomplishing 
any quinazoline condensation, the nitro-phenvlanthranilic acid being re¬ 
covered unchanged. 

Twenty g. of benzoylene urea was dissolved in 200 cc. of cone, sulfuric 
add, and the calculated amount (5.4 cc.) of fuming nitric add (sp. gr. 
1.5) was added slowly. The temperature rose to about 50°. The mixture 
was then heated for an hour on the water bath, cooled, poured upon ice, 
the predpitate filtered out, washed, and crystallized from 50% acetic add 
(1 liter), in presence of animal charcoal. It formed brownish yellow prisms, 
decomposing at 326-30° (corr.). Yield 14.5 g., or 56.5% of the theoretical 
amount. Much was left in the mother liquor. 

The crude material was purified by dissolving it in excess of hot dilute 
aqueous sodium hydroxide, crystallizing the sodium salt thrice from water, 
reconverting it to the free nitro compound by addifying the hot solution 
with acetic add, and recrystallizing from 50% acetic add to constant 
decomposition point. There resulted pale, greenish yellow prisms, de¬ 
composing at 330-1 0 (corr.); moderately soluble in hot methyl alcohol 
or in boiling gladal acetic add; slightly soluble in hot water, ethyl alcohol, 
ethyl acetate, acetone, ether or toluene; and practically insoluble in chloro¬ 
form, carbon tetrachloride, carbon disulfide, ligroin or benzene. 

1 Rostock, Inaug. Diss., 1906, p. 60,. 
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The same compound was obtained by the following process: Qneg. 
of methyl-dinitro-uramino-benzoate was suspended in 20 cc. of water in a 
pressure bottle and the liquid saturated with ammonia at o e . It was 
then heated at 100 0 for 4 hours, cooled in a freezing mixture, the bottle 
opened, excess of ammonia driven out by heating on the steam bath, 
60 cc. of water added, the solution acidified hot with acetic add, and al¬ 
lowed to cool. The bright yellow prisms which separated were filtered 
out, washed with water, and dried at 120°. Yield, 0.75 g., or 100% of 
the theoretical amount. These crystals were powdered, extracted thrice 
with boiling alcohol, and recrystallized from gladal acetic add. The 
product was identical with the 6-nitro-benzoyIene urea obtained by direct 
nitration as described above. 

Subs., 0.1884: 34 62 cc. N at 21.3° and 731.2 nun. 

Calc, {or CiHiO.N, N, 20.29. Found. 20.34. 

Fifty years ago, Griess 1 reported that when benzoylene urea was treated 
with nitric add he obtained a mononitro derivative crystallizing in honey- 
yellow prisms. He gave no further description of his process or product, 
but there can be little doubt that it was the 6-nitro derivative.* 

Sodium Salt.—Long, light greenish yellow needles, containing no water 
of Crystallization. Its aqueous solutions are ydlow and it is repredpi- 
tated from such solution by carbon dioxide. Heated dry, it chars with¬ 
out explosion. 

0.240 g. of the salt was dissolved in 100 cc. of boiling water. On cool¬ 
ing, a small amount predpitated, leaving a saturated solution of strength 
slightly less than 0.01 molar. Five drops of this solution were added 
to 10 cc. of phosphate and borate solutions (Sorensen standard). The 
solution with index 7 (Sorensen scale) was colorless, and a greenish yellow 
color developed very slowly from 7.5 until index 11 was reached, and then 
rapidly up to that with index 13. The development of color was too slow 
for this salt to be of any use as an indicator. 

r— -———■———1 

6 ,8-Dinitro-benzoylene-urea, NHCOC«Hj(NO*)jNHCO, was ob- 

1 Ber., 2, 416 (1869). 

* Griess did state that reduction of this nitro derivative by ammonium sulfide, 
or by tin and hydrochloric acid, yielded an amino derivative crystallizing in pnte 
yellow needles, difficultly soluble in all neutral solvents, and which combined with acids 
to gi%e salts which in most cases crystallized well and were very difficultly soluble. 

In 1903, Kunckell {Ber., 38, 1313 (1903)) announced that he had nitrated ben- 
zoylcne urea, reduced the nitro to the amino derivative, and prepared various compounds 
from the Utter, on all of which he expected to report later, since Mr. Lederer, one of 
his Ph.D. candidates, was engaged upon this investigation. No subsequent publication 
on this research by Kunckell has been located, and the dissertation of Karl lederer, 
Vebtr einige Demote, its KetotetmhydrochinazMns, Rostock, 1908, fails to record any 
work upon the nitration of benzoylene urea or the reduction of any nitro derivatives 
thereof. 



20<5o 


MARSTON TAYLOR BOGBRT AMD GEORGE SCATCHARD. 


tained by the direct nitration of benzoylene urea, and of its 6-nitro deriva¬ 
tive. Its production from benzoylene urea itself is set forth in our earlier 
paper. 

The preparation from the mononitro derivative was carried out as 
follows: One g. of 6-nitro-benzoylene urea was dissolved in ro cc. of 
cone, sulfuric arid, and 6 cc. (calc , 4 cc.) of cone, nitric arid added. The 
yellow solution turned red upon the addition of the nitric arid, but soon 
changed to yellow again. After an hour’s heating on the steam bath, it 
was cooled, poured into 100 cc of cold water, and the precipitated dinitro 
derivative purified in the manner described in our other paper. The fol¬ 
lowing additional observations were made on this compound : 

Mixed with soda lime, it gives a brick-red color which changes to orange 
on exposure to the moisture of the atmosphere. This mixture explodes 
when heated, with evolution of ammonia, and the residue chars. When 
2 g. of the compound was dissolved in a solution of 10 g. sodium hydroxide 
in 30 cc of water, there resulted a bright red solution and an orange pre¬ 
cipitate. On short boiling of this mixture, both soluti m and precipitate 
turned black and considerable ammonia was given off. After 12 hours’ 
boiling, the mixture was acidified with hydrochloric acid, but only a slimy, 
black precipitate was obtained, from which no pure compounds could be 
recovered. 

The anhydrous monosodium salt is orange, and when heated turns red 
and finally explodes. Its other properties are given in our former paper. 

The potassium and ammonium salts, prepared in similar manner, 
resemble the sodium salt in appearance and general behavior, except 
that the ammonium salt decomposes without explosion. The solubilities 
of these salts were determined at 20 0 by the method used for the sodium 
salt. 

(1) 50 cc solution of the potassium salt saturated at 20° gave o 1791 g of dtnitro- 
benzoylene urea, indicating a solubility of 00142 mole per liter 

(2) 50 cc solution of the ammonium salt saturated at 20° gave 0.2656 g of dinitro- 
benzoylene urea, indicating a solubility of 00211 mole per liter. 

6,8-Dianun.o-benzoylene Urea.—So g. (calc, 45 g.) of stannous 
chloride was dissolved in 300 cc. of cone, hydrochloric arid, the solution 
heated to boiling, 10 g. of dinitro benzoylene urea added slowly, and the 
solution boiled for 4 hours. On cooling, the hydrochloride of the diamine 
separated in bunches of pink prisms, which were filtered out, washed with 
water, dried at 120°, boiled 15 minutes with 50 cc. of cone, hydrochloric 
arid, the solution diluted with an equal volume of water, boiled a few 
minutes longer, cooled, the precipitate filtered out, heated with 300 cc. 
of freshly boiled water and made alkaline with ammonia. The result was 
a yellow precipitate and a yellow solution with greenish fluorescence. 
Yield of diamine, 6 g., or 78.9% of the theoretical amount. 
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Crystallized from freshly boiled water containing some ammonia, it 
separates in long, dull, yellow needles, which darken at about 200° and 
decompose at 335® (corr.). Treatment with freshly boiled water made 
slightly add with acetic add did not alter the appearance or the decompo¬ 
sition point. 

Subs., 0,1292: 34.38 cc, N at 24,5"and 747.2 mm. 

Calc, for CiHiOrN,: 29.15. Found: 29.11. 

The compound is slightly soluble in boiling water, but practically in¬ 
soluble in cold water or in the other ordinary solvents. It gives a very 
difficultly soluble hydrochloride. In hot dil. sodium or ammonium hy¬ 
droxide solutions it dissolves somewhat, apparently with the formation 
of easily hydrolyzable salts. Its alkaline solution soon turns red, due to 
oxidation, and a flocculent violet preripitate separates, which turns black 
when dried and is insoluble in all common solvents. This oxidation en¬ 
sues still more rapidly in neutral or faintly add solutions. In dil. adds, 
it gives a purple solution in which the purple preripitate forms more 
slowly. Distillation with soda lime completely breaks down the compound. 

1-1. 

2.4- Dichloro-quinazoline, N: CCl.CeHi.N: CC 1 , was prepared from 
benzoylene urea, phosphorus oxy- and pentachlorides, by the method of 
Gabriel and Colman 1 and was purified by distilling off the phosphorus 
halides under diminished pressure, as recommended by Abt.* Yield of 
crude product, 82% of the theoretical amount. This was fully pure enough 
for most purposes and was used in subsequent syntheses. 

A sample very carefully purified by recrystallization from benzene and 
distillation under reduced pressure, formed white, lustrous blades, melting 
point 119.5 0 (corr.). Abt gives the melting point as 115'’. Crystalliza¬ 
tion from benzene alone is not very satisfactory, on account of the small 
temperature coeffident of solubility. 

3 .4- Dixnethoxy-quinazoline was obtained from the dichloro de¬ 
rivative by following the directions of Bogert and May.' Yield, 26.5% 
of the theoretical amount. By very careful purification, involving dis¬ 
tillation with steam and recrystallization, long, white, silky needles were 
secured, m. p. 74°, which melting point could not be raised by further crys¬ 
tallization from dil. alcohol. Abt 4 gives the melting point as 66°; Bogert 
and May, as 67°. It was further proven that this high melting point was 
not due to any admixture of 1,3-dimethyl-benzoylene urea, as the latter 
is not volatile with steam, and the addition of some of it to the dimethoxy 
derivative lowered the melting point to 69.5-71.5°. 

1 Ber., 38,3359 (1905). 

* J. prakl. Chtm., [2] 39, 140 {1889). 

• Teus Journal, 31,312 (1909). 

4 hoc. cit. 
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1.3- Dimethyl-benzoylene urea, CHjNCOC«H4N(CHj)CO, was pre¬ 
pared first by Abt 1 by the direct methylation of benzoylene urea, or of 
its i- or 3-monomethyl derivative, with methyl iodide. Later, it was 
produced in much the same way hy Bogert and May.' 

On repeating the process, the crude product was crystallized from 50% 
alcohol, giving slender, white needles, melting point 153-6° (corr.). These 
crystals were boiled for 15 minutes with 60 cc. of cone, hydrochloric add, 
to hydrolyze any methoxy derivatives, the solution made slightly alkaline 
with sodium hydroxide, diluted with water, the crystals filtered out, washed 
and dried. Slender, white needles resulted, m. p. 167-8 0 (corr.). Abt 
gives the melting point of this compound as 151°, Bogert and May, as 
163-5°. The melting point of our product could not be raised further by 
recrystallization, nor by a second treatment with hydrochloric acid fol¬ 
lowed by recrystallization. Yield of crude product, 94',’,', of the theoretical 
amount. 

The alkaline filtrate from the first hydrochloric add treatment was 
addified with the same acid, the precipitate filtered out, washed, dried and 
crystallized from dil. alcohol. Fine, white needles, m. p. 237- 8° (corr.), 
were thus obtained, which contained no halogen. Abt gives the melting 
point of 3-methyl benzoylene urea as 234°, as does also Soderbaum * 
The second treatment of dimethyl-bcnzoylene urea with hydrochloric 
add yielded no mouomethyl derivative. The amount of monomethyl 
recovered from the crude dimethyl derivative was always considerable. 
Its origin is evidently to be ascribed to the incomplete methylation of the 
benzoylene urea, inasmuch as pure 1,3-dimethyl-benzoylene urea is un¬ 
changed by boiling hydrochloric add, and because we obtained the same 
compound from benzoylene urea and one mole of methyl iodide. 

1.3- Dimethyl-benzoylene urea is not appreciably volatile with steam 
nor is it changed by 4 hours’ boiling with fuming nitric add and cone, 
sulfuric add. 

3-Methyl-beazoylene Urea. —Abt reported that with one mole of 
alcoholic sodium hydroxide, he obtained a monosodium salt, carrying 
alcohol of crystallization, which yielded 1-methyl-benzoylene urea (melt¬ 
ing point 147-8°) on treatment with methyl iodide. Our results do not 
tally with this, for we found that limited methylation of benzoylene urea 
gave the 3-methyl and not the 1-methyl derivative. 

Eight g. of benzoylene urea and the calculated amount (2 g.) of sodium 
hydroxide were dissolved in 250 cc. of 50% methyl alcohol by wanning. 
The solution was cooled to room temperature, causing the monosodium 
salt of benzoylene urea to separate; 8 g, (calc. 7 g.) of methyl iodide was 

* hoc. ctt. , 

* Btr., 23,2183 (1890), 
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added, the solution boiled under a reflux condenser until all the methyl 
iodide had disappeared (3 hours), filtered hot, and the filtrate cooled. The 
crystals which separated were filtered out, washed, dissolved in 150 cc. of 
0.7 molar sodium hydroxide solution, the solution filtered, the filtrate acidi¬ 
fied with hydrochloric acid, the precipitated crystals removed, washed, 
and dried at 1 10°. Yield, 7.5 g., or 80% of the theoretical amount. This 
crude product was recrystallized from alcohol, giving slender, white needles, 
melting point, 230-3 6 (corr.). Mixed with 3-methyl-benzoylene urea 
from the preparation of the 1,3-dimethyl derivative, a melting point of 
230-6° (con.) was obtained. 

Since the purpose of this synthesis was to identify the monomethyl 
derivative formed in the preparation of the dimethyl, it was not further 
purified. In the synthesis it is advisable to use some excess of methyl 
iodide, since it is much easier to free the 3-methyl derivative from dimethyl 
than from benzoylene urea itself. 

From the first filtrate, acidified with hydrochloric acid, a small amount 
(0.4 g.) of 1,3-dimethyl-benzoylene urea was recovered. 

3-Methyl-benzoylene urea was unchanged by 4 hours' boiling with fum¬ 
ing nitric and cone, sulfuric adds. 

S-Nitro-2-nitrouramino-benzoic Add (Dlnitro c-Uramino-benzoic 
Add). (2)OiNNHCONHC«H s (NOt)(5)COOH(i).—In 1878, Griess' re¬ 
ported that the action of nitric acid upon o-uramino-benzoic acid yidded 
but one dinitro derivative, and that this product resembled in its general 
behavior the isomeric dinitro derivatives of the meta and para series. He 
gave no analytical figures or further characterization of the new dinitro 
add, except the statement that when boiled with water it yidded 5-nitro- 
anthranilic add, nitrous oxide and carbon dioxide. This work we have 
repeated and confirmed- 

Sixty cc. of fuming nitric add (sp. gr. 1.5), free from lower oxides of 
nitrogen was cooled to —5° to —io° and 7.5 g. of o-uramino-benzoic add 
added slowly. At the end of an hour, the mixture had changed to a pasty 
mass, which was allowed to stand for 3 hours at a temperature below 0°, 
then poured upon 500 g. of ice and filtered immediately. A yellowish 
solid resulted, which softened at 170° and largely distilled to a bright, 
yellow liquid, the residue decomposing at about 230°. Yield, 8 g., or 
76.3^ of the theoretical amount. 

Considerable difficulty was experienced in endeavoring to free the product 
from the nitro-anthranilic add into which water slowly decomposes it. 
After digestion with boneblack in anhydrous acetone solution and repeated 
crystallization from the same solvent, pale greenish yellow plates were 
obtained, decomposing at 256-8° (corr.). One fraction charred without 
melting at 286-95° (corr.), the others gave a constant decomposition point 
1 B$r., a, j 730 (187a). 
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after several recrystallizations, and a mixture of the two decomposed 
partially at 256-8° (corr.), the remainder charring at 286-95° (corr.). 
Both forms gave 5 -nitro-anthranilic add when boiled with water. 

. Analytical figures were not obtained, for the reason that the small 
amount of purified material available was lost through repeated explosions 
in the combustion tubes. 

The substance is more or less readily soluble in methyl or ethyl al¬ 
cohol, acetone, ethyl acetate or glacial acetic add; but is practically in¬ 
soluble in ether, benzene, toluene, ligToin, chloroform, carbon tetrachloride 
or carbon disulfide. It crystallizes from gladal acetic add in flat prisms, 
decomposing at 255-60° (corr.). In boiling water, it dissolves, but yellow 
needles of 5-nitro-anthranilic add soon separate; cold water acts similarly 
but more slowly. The action of saturated aqueous ammonia at ioo° gave 
a mixture of products which were not separated or identified further than 
to prove that no nitro- or dinitro-benzoylene urea was present. 

Methyl Ester.—Eighty cc. of fuming nitric acid (sp. gr. 1.5), free 
from lower oxides, was cooled to —5 0 to —io°, and 10 g. of methyl-o- 
uraxnino-benzoate added slowly. The mixture was allowed to stand for 
4 hours, then poured upon 400 g. of ice and filtered immediately. The 
predpitate when spread on a porous plate appeared as a pasty, salmon- 
colored mass, turning to buff when fully dried. Crystallized from alcohol, 
in presence of animal charcoal, pale greenish yellow rhombic plates were 
obtained, decomposing at 184-5° (corr.) to yellow crystals which melted 
at 217-33 ° (corr.), neither of which points was changed by recrystalliza¬ 
tion of the ester from absolute or diluted alcohol. Yield, 7.5 g., or 52% 
of the theoretical amount. 

Subs , o 1631 • 28 10 cc N at 18.5° and 757.2 mm. 

Calc, for C>H,0 jN 4: N, 19.72. Found: 1968. 

The compound is practically insoluble in chloroform, carbon tetrachloride, 
carbon disulfide, acetone or cold water. It is slightly soluble in ligroin 
or benzene; and more or less easily soluble in methyl or ethyl alcohol, 
gladal acetic add, ethyl acetate or toluene. Boiled with water, it gives 
methyl-5 -nitro-anthr anilate. 

The dry substance when heated puffed suddenly at about 180-5* 
(corr.) with formation of yellow vapors. The residue gave 36% of the 
theoretical yield of methyl-5-mtro-anthranilate, together with small 
amounts of other products which were not identified. No attempt was 
made to Identify the impure crystalline yellow product (m. p. 2x7-33*) 
resulting from the action of heat upon the otter, other than to establish 
the fact that it was not a nitro-benzoylene urea. Treatment at the ester 
with cone, aqueous sodium hydroxide or sulfuric add also gave mixtures 
of various undetermined products, but among which there was no nitro- 
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or dinitro-benzoylene urea. By the action of cone, aqueous ammonia 
upon the ester, however, 6-nitro-benzoylene urea was obtained. 

S-Nitro-a-acetamino-benroic Acid ( 5-N itro-ace tanthranilic Acid), 
(2)CHjCONHC«H,(NOj)(5)COOH(i).— 5-Nitro-2-acetamino toluene (5- 
nitro-2-acetotoluide) was prepared from c. p, 5-nitro-2-toluidine (m. p. 
129.5-32 °, corr.) by direct acetylation with acetic anhydride in glacial 
acetic solution. Yield, practically the theoretical amount. Pale yellowish, 
silky needles (from alcohol), melting point 197.5-8° (uncorr.), or 204.-4.5° 
(corr.), as reported by Bogert and Cook. 1 

From this aoetamino derivative, 5-mtro-2-acetanthranilic acid was ob¬ 
tained by oxidation with potassium permanganate, following the process 
of Bogert and Cook, in light yellow prisms (from water), melting point 
218° (corr.). Yield, 65.5% of the theoretical amount. Some nitro- 
anthranilic add was recovered from the filtrate. 

Barium Salt.—Bright yellow tufts of fine hairs, or flat prisms; slightly 
soluble in cold water, easily in hot. 

Calrium Salt.—Similar to the barium salt, except that it crystallizes 
in needles. 

Ferric Salt.—Dull, chocolate, gelatinous precipitate, only slightly 
soluble in hot water, from which it separates in amorphous condition. 

Cupric Salt.—Light green, gelatinous precipitate, crystallizing from 
water in fine, green hairs. Soluble in ammonium hydroxide solutions. 

Lead Salt.—Bright yellow predpitate, crystallizing from water in 
balls of hair-like needles. 

Silver Salt.—Curdy, light yellow predpitate, resembling silver iodide, 
and crystallizing from water in sheafs of hair-like needles. 

Many of the statements in the literature concerning this add are, to say 
the least, confusing. 

Rupe* by direct nitration of acetanthranilic add with mixed adds at 
about 40°, claimed to have obtained the 5-nitro derivative, and gave a 
melting point of 152° for his add. We have repeated Rupe’s process 
and by frequent crystallization of the product from water have obtained 
a substance melting at 174-7 0 (corr.), which was evidently still impure, 
its impurities being probably nitro-anthranilic add formed by de-acetyla¬ 
tion* and p-nitraniline formed by loss of carbon dioxide from the latter. 

HJlmann and Uzbachian* make the astonishing announcement that they 
prepared 5-nitro-acetanthranilic add by oxidation of 4-mtro-acetotoluide 
of melting point 151®. This may have been due to an error in copying, 
with the melting point filled in from Beilstein and not from the laboratory 
note book, as the add obtained was evidently the 5-nitro derivative. 

* This Journal, *8, 1451 (1906). 

* Ber., jo, 1097 {1897). 

* Compare Seidel and Bittner. Mannish., aj, 435 (local, 

* Ber., 36, 1797 (1903)- 
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Baly, Tuck and Marsden 1 prepared the add both by oxidation of the 
nitro-acetotoluide with potassium permanganate and by direct nitration 
of acetanthranilic acid, claiming a yield by the latter method of 85%. 
They failed to record the melting point of their products, however. Num¬ 
erous repetitions of this direct nitration method, have failed to yield us 
pure products, the results being much the same as from the Rupe method. 
By nitrating at lower temperatures, however, a fairly good product was 
secured. 

Ten g. of acetanthranilic acid was added slowly to 20 cc. of fuming nitric 
add (sp. gr., 1.5), keeping the temperature below 5 0 . The mixture was 
maintained at that temperature for 4 hours, then for 2 hours at laboratory 
temperature, when a red color developed. It was poured upon ice and the 
light yellow precipitate recrystallized from alcohol in presence of animal 
charcoal. Yield, 5 g., or 39% of the theoretical amount; melting point, 
206-10° (corr.). Further recrystallization from alcohol raised the melting 
point to 214-5 0 (corr.). This product was hydrolyzed to nitro-anthranilic 
acid without further purification. 

5-Nitro-2-amino-benzoic acid (5-nitro-anthranilic acid), was pre¬ 
pared according to the process of Rupe* by boiling the foregoing acetyl 
derivative with cone, hydrochloric add and recrystallizing the product 
from the dil. add. Long, bright yellow needles were thus secured, which 
blackened at 240-50° (corr.), and melted with decomposition at 275-6° 
(corr.). Yield, 98% of the theoretical amount. 

The pure add separates from 95% alcohol in pale yellow, satiny blades; 
from water, or dilute alcohol, in fine, golden yellow needles. Recrystal¬ 
lized to constant decomposition point, it decomposes at 278° (corr.), 
with blackening and some sublimation above 240°. As the decomposition 
point varies considerably depending upon the rapidity of the heating, it 
is not surprizing that the melting point (really decomposition point) re¬ 
corded in the literature shows a confusing range, being variously stated 
from 261° to 280°. 

The solubilities of the add were determined roughly at laboratory tem¬ 
perature (about 18°) by taking a known volume of saturated solution, 
evaporating to dryness and weighing the residue. The results expressed 
in g. per liter were as follows: water, 1.0; gladal acetic add, 3.0; mixture 
of gladal acetic add and ethyl acetate (50:50), 4.0; ether, 7.0; ethyl ace¬ 
tate, 7.5; alcohol, 14.0; boiling gladal acetic add, 15.0-20.0. 

Salts. —The sodium, potassium and ammonium salts are moderately 
soluble in odd water, easily soluble in hot. All form fine, brownish orange 
needles, those of the sodium salt being rather darker than the other two. 

Methyl Ester. —This was formed by esterification of the add with 
1 J. Chart. Soc., 97, 1502 (1910). 

1 Lee. cit. 
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either methyl alcohol and hydrochloric add, or with methyl sulfate. 
Yield by the former method, 61% of the theoretical amount; by the latter, 
46.3%. 

Recrystallized from slightly diluted alcohol until the melting point 
remained constant, it formed pale yellow needles of greenish tinge, melting 
point 168 0 (eorr.), difficultly soluble in cold water, more or less readily 
soluble in the other ordinary solvents. It is slowly volatile with steam 
with partial decomposition, and can be sublimed unchanged. 

Subs , 0.1457: 18 32 cc N at iq 5 0 and 765 o mm 
Calc for C«HiO,N! N, 1429 Found 1443 

All efforts to convert this ester into the amide by the action of ammonia 
proved fruitless, the ammonium salt of the acid being the only product. 
This coincides with the experience of Thieme 1 in the case of the ethyl ester. 

1 — " 1 

6-Nitro-4-quinazolone, NHCOC 6 H 3 (NOj)N :CH.—A mixture of 10 
g. of 5-nitro-anthranilic add and 10 g. of forsnamide (calc. 2 g.) was fused 
at 150-70° for 6 hours, the melt cooled, extracted with 40 cc. of cold water, 
and the residue crystallized from 50 fr ( ' acetic acid. Light brown prisms 
resulted, melting point 283-5° (corr). Yield, 3.5 g., or 33.4% of the 
theoretical amount. Dissolved in alkali and rcpredpitated with acetic 
add, pale brownish crystals were obtained, m. p. 286-7° (corr.). 

Bogert and Geiger 1 nitrated 4-quinazolone and obtained a nitro deriva¬ 
tive, m. p. 286.5-7.5° (corr.), which they believed to be the 6-nitro-4- 
quinazolone. The compound prepared from 5-nitro-anthranilic add, as 
described above, proved to be identical in all respects with the product 
of Bogert and Geiger, and the melting point of a mixture of the two was 
285.5-6.5° (corr.). This supplies the synthetic proof that the product 
of direct nitration of 4-quinazolone is really the 6-nitro derivative. 

Experiments on the availability of this compound as an indicator showed 
that its range of color change was from index 7 to 9.3, and the change from 
colorless to greenish yellow To get a satisfactory color, it was found 
necessary to use io drops of a 0.05 molar solution. This is too concen¬ 
trated for good results, and the free nitro-quinazolone was precipitated 
in add solutions. 

6-Nitro-2~methyl-4-quinazolone was also tested for use as an indicator. 
Its*range of color change proved to be from index 7.2 to 9.5. Otherwise, 
it behaved exactly like the 6-nitro-4-quinazolone. 

Summary. 

1. A further study has been made of the preparation and properties of 
benzoylene urea, and of the following derivatives- 6-nitro, 6,8-dinitra, 
6,8-diamino, 3-monomethyl and 1,3-dimethyl 
1 J. prekt. CHtm., I2] 43, 470 (1891) 

• Tars Journal, 34, 524 (1912). 
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2. In the methylation of benzoylene urea, results have been' obtained 
differing from those of Abt. 

3. Dichloro- and dimethoxy-quinazoline have been prepared in purer 
farm than hitherto. 

4. Our knowledge of o-uramino benzoic acid and of its dinitro derivative 
has been extended. 

5. 5-Nitro-anthraniIic add and its acetyl derivative have been studied 
and some of the existing confusion in the literature deared up. 

6. The structure of 6-nitro-4-quinazolone has been proven by its syn¬ 
thesis from 5-nitro-anthranilic acid. 

7. The serviceability of certain quinazolines as indicators has been tested. 

8. The following new compounds have been prepared: methyl-o-uramino 
benzoate, the sodium salt of 6-nitro-benzoylene urea, the potassium and 
ammonium salts of 6,8-dinitro-benzoyIene urea, methyl-dinitro-o-uramino 
benzoate, various salts of 5-nitro-acetanthranilie add and of 5-nitro- 
anthranilic add, and the methyl ester of the latter. 

N*w York, N. Y. 


(Contribution from the Laboratory of Organic Chemistry of the State 
University of Iowa ] 

MOLECULAR REARRANGEMENT IN THE ACYLATION OF CER¬ 
TAIN AMINOPHENOLS. 

By L Chas. Raiforu. 

Received September 19, 1919. 

During the course of a research now in progress in this laboratory, 
the purpose of which is the study of the steric relations involved in the 
acylation of aminophenols, it became necessary in the identification of 
one of the products isolated to prepare a ddeviated derivative of an o- 
aminophenol in which the acyl radicals bound to oxygen and to nitrogen, 
respectively, were different. In the case under consideration the two 
radicals were acetyl and benzoyl. It may be stated at the outset that 
further examination of the product showed that the heavier of these 
radicals, benzoyl in this case, was always found attached to nitrogen, re¬ 
gardless of the order in which they were introduced, which indicates that 
a rearrangement must have occurred in one case. 

As will appear below, the rearrangement in this case involved the migra¬ 
tion of acetyl from nitrogen to oxygen, and possibly the shift of benzoyl 
in the opposite direction, though the mechanism of the reaction has not 
yet been satisfactorily determined. The migration of acyl from oxygen to 
nitrogen has previously been observed in several different cases, following 
the work of B&ttcher 1 on 2-beazoyl-aminophenol. 1 The replacement of 
1 Ber., 16,629 (1883). 

* Far a bibliography of the subject see Weyl, "Die Mefhoden der Organiacben 
Cbemfe,” II, p. 1281; Leipzig, 1911 (Thieme). 
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a lighter acyl radical (acetyl) by a heavier one (w-nitrobenzoyl) was re¬ 
corded by Toney and Kipper 1 and the migration of acyl from nitrogen to 
oxygen has been observed by WillstStter and Veraguth* and by Auwers ; 3 
but, so far as the writer is aware, the exact behavior described in the present 
research has not hitherto been reported. Ransom, 4 it is true, has pre¬ 
pared diacylated o-aminophenols in which the acyl groups are different, 
and Ransom and Nelson 4 as a result of further study of the reactions in¬ 
volved, state “that when two carboxyl radicals (COOR and COORi) 
are introduced into the molecule of o-aminophenol the lighter one becomes 
attached to nitrogen, the position not being influenced by the order in 
which the groups are introduced; and that to accomplish this, a molecular 
rearrangement occurs in one case. This is also true when both of the rad¬ 
icals are carbonyls (COR and CORi).” In the light of these statements 
the results obtained in the research described below were unexpected, and 
this made it a matter of much interest to determine whether the present 
observation represented merely an isolated case or was an example of a 
more general reaction. 

The base employed in the first experiments was 2-amino-4-methyl-6- 
bromophenol. 6 When this was wanned with anhydrous sodium acetate 
and the necessary amount of acetic anhydride, in the usual way, it was 
converted into a diacetyl derivative. Treatment of the latter with a cold 
dilute solution of sodium hydroxide caused saponification to take place 
rapidly at the o-connection, giving 2-acetylamino-4-roethyl-6-bromophenol. 
When this phenol was subjected to the Schotten-Baumann reaction with 
benzoyl chloride, the reaction proceeded smoothly and rapidly to give an 
acetyl-benzoyl derivative. Saponification of the latter product with al¬ 
kali took place somewhat more slowly than was the case with the diacetyl 
derivative, and the phenolic substance that resulted was not the 2-acetyl- 
amino-4-methyl-6-bromophenol which was used in preparing the aoetyl- 
benzoyl derivative, and which one might expect to obtain if saponification 
again took place at the o-connection and no rearrangement had occurred, 
but 2-benzoylamino-4-methyl-6-bromophenol. The identity of the last 
named product was established by synthesizing it in a wholly different way, 
viz., by treatment of an ethereal solution of the free aminophenol with 
benzoyl chloride as described by Ransom, 1 and by showing that the benzoyl 
derivative thus obtained could readily be converted, by acetylation in 
the usual way, into the acetyl-benzoyl derivative whose structure was in 

1 This Journal, 30, 859 (1908). 

* Ber., 40, 143* (1907) 

•Ibid., 40, 2154 (1907). 

4 Am. Chtm. J., aj, 1 (1900). 

* This Journal, 3d, 390 (1914). 

* Ann., 3U, 375 (1900). 

7 Lo c. at . 
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question. From these reactions it appears that the rearrangement occurred 
during the introduction of the benzoyl radical into 2-acetylamino-4-methyl- 
6 'bromophenol, and not during the saponification of the resulting acetyl- 
benzoyl compound. Similar results were obtained when these experiments 
were repeated, using 2-amino-4,6-dibromophenol as the starting base 
(see experimental part). The reactions involved with the first of these 
bases may be briefly summarized as follows: 


OH OCOCH, OH 



The suggestion 1 that the behavior of the compounds here described 
might be explained by the possibility that both acyl radicals were bound 
to nitrogen, and that the substances belong in the class known as alkali- 
insoluble phenols, does not seem to be in agreement with the facts. In 
the first place, the compounds are not insoluble in alkali solution, although 
the ease with which solution takes {dace is not the same for all cases. The 
fact that a diacetyl derivative dissolves (through saponification) more 
rapidly than the corresponding acetyl-benzoyl compound, and an un¬ 
substituted diacyl derivative dissolves more quickly than a substituted 
one, could possibly be explained by steric hindrance. It should be noted, 
also, that the concentration of the alkali solution here used did not ex¬ 
ceed i% and that the reactions took place at room temperature, while 
that employed by Torrey and collaborators’ and by Adams’ in testing 
the solubility of alkali-insoluble phenols had a concentration of 10% 
and was often used at the boiling point. Moreover, Adams has shown 
that the insolubility in alkali of the class of so-called alkali-insoluble 
phenols represented by the phenylhydrozones of o-hydroxyaldehydes and 
ketones depends chiefly upon (i) the tendency of the sodium salts of these 
phenols to hydrolyze, (2) the extreme insolubility of the free phenols in 

1 Made during the discussion at the time this paper was presented in abstract at 
the Philadelphia meeting of the American Chemical Society, September $, 1919. 

* hoc. cit. 

• This Journal, 41, 247 (>919). 
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water, (3) the temperature of the alkali solution, and (4) the increase in 
molecular weight brought about by the introduction of any atom or group 
of atoms into any part of the molecule, and not upon the structure of the 
compound, except in the case of the nitro derivatives. In addition to 
these differences, many of the alkali-insoluble phenols are highly colored, 
while only a few of the compounds here investigated had even a slight 
color and most of them were colorless. Finally, no diacylated amino- 
phenols having both acyl radicals attached to nitrogen seem to have been 
recorded in the literature, and specific attempts by Tingle and Williams' 
to prepare them were unsuccessful. 

As has been noted above, Ransom 1 found, in the diacylated amino- 
phenols prepared in his work, that the lighter acyl radical was always 
attached to nitrogen, and that in the work here reported the heavier of 
the two aeyls went to nitrogen. In comparing these results, and in try¬ 
ing to account for the differences, it seemed necessary to consider the fact 
that Ransom’s work was done with o-aminophenol in which there were 
no add-forming substituents, while two of the bases employed in my work 
had a part of the benzene hydrogen replaced by bromine. Recent work 1 
in this laboratory, as well as the results of work done elsewhere, indicates 
that the reactions of a phenolic hydroxyl, or of an amino group attached 
to a benzene ring, may be very appredably modified by the presence of 
add-forming substituents in the ring. On this account it seemed desirable 
to repeat, with o-aminophenol, all the experiments that had been carried 
out with the substituted bases specified above. This was done, care being 
taken to duplicate conditions as far as possible in all cases. The results, 
however, show that the same type of migration occurred in both instances, 
from which H appears that the acid-forming substituents are not alone 
responsible for the rearrangement. 

Work is in progress with bases containing other substituents, in which 
an attempt will be made to determine whether the rearrangement observed 
is dependent on the differences in wdght of the radicals used, their chemical 
characteristics, or upon the relative positions of the hydroxyl and amino 

gnsu * )8 ‘ Experimental. 

2-Benzoylamino-4-methyl-6-bromophenyl Acetate, CsHi(OCOCHa)- 
{NHCOCiH»)CHj.Br.—The starting point in the preparation of this 

1 Am. Ghent. J., 37, 31 (1907). 

1 hoc. cit. 

* Unpublished research Mr. R. L. Howard has found that the amount of phenolic 
ether formed by several different methods, and the extent to which such ethers can be 
decomposed by heating them with ammonia under pressure, may depend, to a very 
considerable extent, on the presence of acid-forming substituents, while Mr, R. Taft 
has shown that the formation of diacetanilides is accelerated by the presence of such 
substituents in certain positions. In Ijoth cases the ortho position seems to exert the 
greatest influence. 
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compound was w-nitrop-cresol, 1 which was first brominated according 
to the method used by Thiele and Eichwede.* A much better yield of a 
purer product was obtained by a modification of Zincke and Wiederhold’s 
method.* ^ The^bromination^was carried out in chloroform solution, using 
a slight excess ^ofbromine, in the presence of iron filings, and after allowing 
the mixture to stand for 48 hours the chloroform was removed by distilla¬ 
tion. At this point Zincke and Wiederhold purified their bromine deuva- 
tives by distillation or by crystallization, according to the volatility of 
the product in question. In the present case it was found more satisfac¬ 
tory to boil the residue with ammonia water and filter, which removed the 
nitrobromocresol in the form of its ammonium salt and left the iron com¬ 
pounds in the flask. The ammonium salt was next decomposed by hydro¬ 
chloric acid and the free nitro compound that separated was further puri¬ 
fied by repeated crystallization from alcohol, from which it separated in 
the form of orange-colored leaflets that melted at 69°, in agreement with the 
observations of Thiele and Eichwede. 4 The yield of pure material was 
about 65%, but this may be increased very much by working up the mother 
liquors. 

3-Amino-4-methyl-6-bromophenol, CeHjOH.NHj.CHi.Br.—To pre¬ 
pare the hydrochloride of this aminophenol, Thiele and Eichwede reduced 
the nitro compound mentioned above by means of stannous chloride and 
hydrochloric acid dissolved in glacial acetic acid, and removed the tin 
salt with hydrogen sulfide. In my work the reduction was carried out very 
quickly and the separation from tin salt effected by much less labor by 
following the method described by Raiford. 1 From the hydrochloride 
thus obtained, dissolved in water, the free base was prepared by adding 
a solution of ammonium carbonate. The precipitated base was filtered 
off at once, washed with several portions of water, and dried on clay plate, 
in which condition it melted at 92-3 Crystallization from alcohol did 
not change the melting point 

2-Acetylamiao-4-methyl-6-bromophenyl Acetate, C»Hj(OCOCH»)- 
(NHCOCHj)CH».Br.—One molecular proportion (2.5 g.) of the base 
described above was mixed with an equal weight of anhydrous sodium 
acetate and about 3 cc. (two mols.) of acetic anhydride. The mixture, 
which became very warm at once, was further heated over a direct flame 
until the whole was fluid, after which it was allowed to stand until it readied 
the room temperature. The crystalline solid was next triturated with 
enough water to dissolve the sodium acetate present, and the mixture 

1 Ber „ H, i960 (1891)- 

* Atm ., 311, 375 (1900). 

’Ibid., 3M, 202 (1902). 

4 Loc. at. 

* Am. Chan. J„ 46, 4.19 (1911) 
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filtered. The dried residue began to shrink at about 155® and was en¬ 
tirely melted at 166°. Two crystallizations from alcohol gave a product 
that softened at 160 0 and melted at 169°. A second portion was purified 
as follows : A hot concentrated chloroform solution of the substance in 
a suitable flask was placed under a reflux condenser, and the liquid raised 
to the boiling point. Through the condenser tube ligroin (b. p. 80-90°) 
was slowly dropped until the solution began to deposit crystals, after which 
the flask was removed and allowed to cool. This treatment gave beautiful, 
colorless, feathery crystals that showed signs of softening at 160° and 
melted sharply at 169 0 . This compound is soluble in other organic solvents 
but none gave as satisfactory crystals as the mixture named above. It 
dissolves readily in cold solution of sodium hydroxide 1 which saponifies 
it at the 0-connection. Analysis’ for halogen indicated a diacetyl compound. 
Subs , o 1014; AgBr, 0 1331 - 
Calc for CnHuO»NBr: Br, 17.95. Found: 28.12. 

2-Acetylamino-4-methyl-6-bromophenol, CjHjOHfNHCOCHWCH*- 
Br.—2.86 g. of the above-described diacetyl compound was shaken with 
75 cc. of cold water containing 1. og.of sodium hydroxide until practically 
all solid had disappeared and the liqud had a pale yellow color. The 
mixture was then filtered, the clear filtrate acidified with hydrochloric 
acid, and the precipitate that formed immediately was filtered off, washed 
with water and dried. The precipitate weighed 2.17 g., which corresponded 
to a yield of about 89% calculated on the basis of a monoacetyl compound 
as the product. The crude material melts at 127-8°, and is soluble in 
solutions of caustic alkalies from which it is precipitated unchanged by 
adds, indicating the phenolic character of the substance. It is soluble 
in the usual organic solvents, but was best crystallized from water out of 
which it was deposited in long, colorless, silky needles that melted at 129°. 
Analysis for bromine gave the following figures, whidi agree with the for¬ 
mula for a monoacetylated compound. 

Subs.. 0,0889; AgBr, 00687. 

Cafe, for C*Hi t O»NBr; Br, 52.76. Found- 32.88. 

Action of Benzoyl Chloride on 2-AcetyUmino-4-metbyi-6-bromophenol. 
—0.73 g. of the monoacetylated compound described above was dissolved 
in a solution made up of 30 cc. of cold water and 0.15 g. (1.35 mols) of 
todium hydroxide. 0.6 g. of benzoyl chloride was next added and the 
whole shaken until the odor of the chloride had disappeared. The color¬ 
less solid which began to precipitate immediately was finally filtered out, 
washed with several portions of water and dried. A quantitative yield 

I The significance of this behavior will be discussed, along with other cases, is a 
future communication. 

I I am indebted to Mr. R. L. Howard far the analysis of this and the compound 
next described. 
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was obtained. La this condition the product began to shrink at about 
i6o° Mid was melted at i68°. Repeated crystallization from alcohol 
gave colorless fibrous-looking masses made up of very short prisms that 
melted at 172°. Analysis for bromine gave results that are in agreement 
with a formula that requires both a benzoyl and an acetyl radical and the 
other reactions of the compound (see below) support this view. 

Subs.. 0.2457; AgBr, 0.1558. 

Calc, for CuHhOjNBi: Br, 22.97. Found: 23.17. 

Proof at the Structure of 2-Benzoylamino-4-methyl-6-bromophenyI 
Acetate. —0.7 g. of the benzoyl-acetyl compound described above was 
mixed with 25 cc. of water containing 0.2 g. (2.5 equivalents) of sodium 
hydroxide, and shaken for some minutes. It was noted that solution took 
place much more slowly than in the case (see above) where both acyl 
radicals were acetyl, and on this account the mixture was allowed to stand 
overnight. The slight amount of unchanged material was removed by 
filtration, and the dear filtrate, which was yellow in color, wasaddified 
by hydrochloric add. A yellowish solid that appeared much like sand 
upon standing was predpitated. The mdting point of the crude product 
was about 165°, but was not sharp. The substance is readily soluble in 
solutions of caustic alkali, from which adds predpitate it in the undmnged 
condition. It is soluble also in chloroform, ether, and alcohol, but was 
best crystallized from 70% alcohol, from whidi it separated in the form of 
slender, fawn-colored needles that melted at 185°. This mdting point, 
together with the other properties and the analysis given below, show that 
the compound under consideration cannot possibly be 2-acetylamino-4- 
methyl-6-bromophenol (m. p. 129 0 ) described on page 2073. The results 
of the analysis for bromine are in accordance with the requirements of 
the formula for 2-benzoylamino-4-methyl-6-bromophenol. 

Subs., 0.2002; AgBr, 0,1241. 

Calc, for C]JluOiKBr: Br, 26.12. Found: 26.39. 

In order to identify further the compound just described, and to prove 
that the benzoyl radical in it was attached to nitrogen, a portion of 2- 
benzoylamino-4-methyl-6-bromophenol was prepared in accordance with 
the method used by Ransom 1 in which one molecule of benzoyl chloride 
was slowly added to an ether solution of two molecules of the aminophenol 
melting at 92-3 0 (p. 2072). After the hydrochloride of the base, which 
was rapidly precipitate, was filtered off, the remaining solution was allowed 
to evaporate spontaneously. The residue, which melted at 182-3®, 
was dissolved in sodium hydroxide solution, the liquid filtered and the 
clear filtrate acidified with hydrochloric acid. The precipitated phenol 
was collected on a filter, washed several times and dried. It melted sharply 
at 183 °, and a mixture of this product and the phenolic compound obtained 
x Am. Chm . 23, 17 (1900). 
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by saponifying the benzoyl-acetyl derivative described on page 2074 
melted at the same temperature as either of them separately, 185°. In 
the saponified product, therefore, the benzoyl radical is bound to nitrogen. 

Further proof of the relationship of the product obtained by benzoylat- 
ing 2-amino-4-methy-6-bromophenol and that produced by benzoylating 
2-acetylamino-4.-methyl-6-bromophenol was secured by acetylating the 
compound that resulted in the first case. 0.25 g. of the phenol prepared 
by Ransom's method was mixed with an equal weight of anhydrous sodium 
acetate and the requisite quantity of acetic anhydride, and wanned until 
the whole was fluid. After cooling, the product was freed from sodium 
acetate and crystallized from alcohol until the melting point was constant. 
The substance obtained melted at 170-1 °, and a mixture of this and the 
benzoyl-acetyl derivative described on page 2074 showed no depression. 
This behavior shows that in the benzoylation of 2-acetylamino-4-methyl- 
6-bromophenol the acetyl radical migrates to oxygen while the benzoyl 
radical attaches itself to nitrogen. 

To test further the rearrangement shown above it was thought de¬ 
sirable to examine the behavior of a closely related base having two bromine 
atoms present. Accordingly, 4,6-dibromo-o-aminophenol was carried 
through the series of experiments specified for the base already studied. 

2-Acetylamino-4,6-dibromophenyl Acetate, C«Ht(OCOCH,)- 
(NHCOCHajBr,.—The starting point in the preparation of this compound 
was o-nitrophenol, which was first converted into 4,6-dibromo-o-nitro- 
phenol 1 by a method which is more convenient than any heretofore pub¬ 
lished. The nitrophenol was dissolved in 5 to 6 times its weight of glacial 
acetic acid, after which the calculated amount (two mols.) of bromine was 
added at once. The mixture was allowed to stand for 48 hours, and then 
poured slowly, with stirring, into 7 or 8 volumes of cold water, which pre¬ 
cipitated the brominated product. After standing for some hours the pre¬ 
cipitated material was removed by filtration, washed with water, and dried. 
Crystallization from alcohol will give a pure product, but the substance 
employed in this work was purified in the form of its potassium salt, which 
was twice crystallized from water. The free nitrobromophcnol, which 
was obtained by decomposition of the salt by hydrochloric add, was finally 
crystallized from alcohol. It melted sharply at 117 0 , which is in agree¬ 
ment with the literature. 

The preparation of the free base was carried out by reduction of the 
nitro compound and purification of the resulting aminohydrochlaride as 
described by Raiford* after which the aminophenol was obtained by treat¬ 
ment of the water solution of the hydrochloride with solution of ammonium 
carbonate. The precipitated base was further purified by crystallization 
1 Korner, A mt , 137, 107 (x866,i. 

* hoc. at. 
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from dilute alcohol, and was found to melt at 91-2°, and to have the other 
properties specified by Holz. 1 

5.3 g. of the dibromo-aminophenol mentioned above was mixed with an 
equal weight of anhydrous sodium acetate, and the mixture warmed with 
slightly more than the calculated amount of acetic anhydride necessary 
to acylate both the amino and the hydroxyl groups. When cold the re- 
sulting mass was extracted with enough water to dissolve the sodium ace¬ 
tate present, and the residue dried, The product is soluble in alcohol, 
chloroform, and benzene, but was best crystallized from chloroform, out 
of which it separated in the form of colorless, fibrous-looking masses made 
up of fine, hair-like needles. It shrinks slightly between 190 and 195 0 
and melts at 199°. It dissolves readily in cold solution of sodium hydroxide 
on account of being saponified at the e-connection. Analysis for halogen 
gave the following results, which are in accord with a diacylated compound: 
Subs , o 2136, AgBr, a 1304 
Calc, for CioH«OjN 15 ri Br, 45 s f ' Found 45 yo 

2-Acetylamino-4,6-dibromophenol, C»HjOH(NHCOCH»)Brj.—3.5 g. 
of the diacylated compound just described was shaken with 25 cc. of cold 
water containing two equivalents of sodium hydroxide until complete 
solution had taken place, after which the clear liquid was acidified with 
hydrochloric acid. A precipitate was formed immediately. After stand¬ 
ing for some minutes this was collected on a filter, washed with several 
portions of water, and dried. It is soluble in alcohol and other organic 
solvents, and slightly soluble in water. Samples were crystallized both 
from water and from 75% alcohol, but best from the latter, from which 
it was deposited in tufts made up of short needles radiating from a com¬ 
mon center, and melting at 174-5° with apparent decomposition. This 
compound is soluble in solution of caustic alkali, from which it is precipi¬ 
tated in unchanged form by acids. Holz* prepared a monoacetyl deriva¬ 
tive from the base used in this work, and assigned to it the structure of my 
product, though he found 186° to be the melting point. 

Subs., 0.4815; AgBr. o 3410. 

Caic. for CiHjOiNBri Br, 51 75 Found; 51. 55. 

Action of Benzoyl Chloride on 2-Acetylamino-4,6-dibromophenol.— 
1.5 g. of the monoacetyl compound described above was dissolved in 
about 50 cc. of water containing 0.25 g. (1.25 mols) of sodium hydroxide, 
and to this was then added 0.87 g. of benzoyl chloride, after which the 
whole was shaken until the odor of the chloride had disappeared. A solid 
which tended to collect in little balls was formed at once. After standing 
for some time it was filtered off, washed and dried. A quantitative yield 
was obtained. This compound is but slightly soluble in ligroin or ether, 

1 J. prakl. Chum., [2)31, 69 (1883). 

* Lot. tit. 
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and could not be crystallized satisfactorily from either of them. It is 
more soluble in chloroform or in alcohol, and was best crystallized from 
the latter, from which it was deposited in short, silky needles that tended 
to cling together in star-like masses. After several crystallizations it 
melted at 195-6°. A mixture of this substance and 2-acetylamino-4,6- 
dibromophenyl acetate, m. p. 199°, page 2075, melts at 167-71 *.* Analysis 
for bromine is in agreement with a formula that requires both an acetyl 
and a benzoyl radical. 

Subs., 0.2379, AgBr, o 2163 

Calc, for CuHnOiNBri: lir. 38.71 Found: 38.60 

Proof of the Structure of 2-Benzoylamino-4,6-dibromophenyl Acetate, 

—0.62 g. of the benzoyl-acetyl compound indicated above was mixed with 
30 cc. of water containing 0.15 g. of sodium hydroxide, and the mixture 
shaken for some time. Saponification took place very slowly, consequently 
the mixture was allowed to stand overnight. Since the reaction was not 
completed during this period, the mixture was filtered and the unchanged 
material added to a fresh portion of alkali. After 24 hours practically all 
solid had disappeared. This portion was filtered, and the combined 
filtrate, which was yellow in color, was acidified with hydrochloric acid. 
The phenolic compound that was precipitated was collected on a filter, 
washed well with several portions of water, and dried. The crude material 
melted between 170 and 175°. It was twice crystallized from alcohol, 
from which it was deposited in clusters of short, very pointed needles that 
radiated from a common center. These melted at 198° with apparent 
decomposition. The behavior indicated above shows that the hydroxyl 
group is free, and the analysis for bromine agrees with a formula requiring 
the presence of a benzoyl radical. These facts, together with the behavior 
of a mixture of the substance under consideration and 2-acetylamino- 
4,6-dibromophenol (melting point 174-5 0 ), from which the benzoyl deriva¬ 
tive was prepared when heated, shows that the products cannot be identical. 
The mixture melts with decomposition at 160-2°. 

Subs., 0.2012; AgBr, 0.2038. 

Calc, for CuH» 0 ,NBri. Br, 43.10 Found: 43.10. 

In order to characterize further the hydroxyl compound described 
above and to prove that in it the benzoyl radical is bound to nitrogen, a 
small quantity of the benzoylamino compound of the base under considera¬ 
tion was prepared according to Ransom's* method. 1.66 g. of 4,6-di- 
bromo-o-aminophenol was dissolved in about 25 cc. dry ether, and to this 
1 It is worth while to note this behavior in passing, because in preparing the ben¬ 
zoyl derivative in quantity it is unnecessary to isolate 2-acety)atnino-4,i> dibrorao- 
phenol, » was done in this case; the benzoyl derivative can be obtained by adding 
benzoyl chloride directly to the solution obtained by dissolving the diacetyl compound 
tn (odium hydroxide solution. 

1 Lee. tit. 



20/8 


t. CHAS. RMFORft. 


was added 0.7 g. (*/s mol) of benzoyl chloride, and the mixture allowed 
to stand until the odor of the chloride had nearly disappeared. The 
hydrochloride of the base which had meanwhile precipitated was filtered 
off, and the dear ether solution allowed to evaporate spontaneously. 
The residue melted at 193-5 0 , and was probably contaminated with traces 
of the hydrochloride only, for dissolving it in solution of sodium hydroxide 
and reprecipitating it with hydrochloric acid gave a product that melted 
quite sharply at 198°, which is the melting point of the product obtained 
by saponifying the acetyl-benzoyl derivative described on page 2076. 
A mixture of the two products melts at 198“, which indicates identity. 

The relationship of the phenolic product prepared by Ransom’s 
method to 2-benzoylamino-4,6-dibroniophenyl acetate was still further 
established by preparing some of the latter from the phenol. 0.2 g. of 
the phenol was mixed with an equal weight of anhydrous sodium acetate 
and the required amount of acetic anhydride, and warmed until the whole 
became liquid. After cooling it was separated from sodium acetate and 
crystallized from alcohol until the melting point was constant. In this 
condition it did not depress the melting point of 2-benzoylamino-4,6- 
dibromophenylacetate, which shows that in the benzoylation of 2-acetyl- 
amino 4,6-dibromophenol the benzoyl radical goes to nitrogen, while the 
acetyl radical migrates to oxygen. 

In view of the fact that the results reported above are not in accord 
with the observations of Ransom and Ransom, and Nelson 1 it was at first 
thought that possibly the character of the aminophenols used might have 
a bearing on the case. The results recorded by the observers mentioned 
were all obtained through the use of an aminophenol that was unsubstituted 
while the first observations in my work were made with aminophenols 
that contained acid-forming substituents. On account of these differ¬ 
ences it became at once a matter of interest to repeat the experiments, 
using the unsubstituted aminophenol employed by Ransom. It may be 
stated at once that the results so far obtained are the same in type for both 
substituted and unsubstituted bases, although the saponification of the 
acyl derivatives of the substituted compounds is less rapid, due, possibly 
to steric hindrance. 

2-Benzoylaminophenyl Acetate, C 6 H < (OCOCH J )(NHCOC«H 1 ,).-~The 
starting point in the preparation of this compound was 2-acetylamino- 
pheool, first prepared by Ladenburg 2 and which was obtained for my work 

* Loc. cit. 

1 Bet., 9, 1524 (1876). It will be shown later that this compound can be obtained 
by a method which is much more easily carried out than that used by Ladenburg, 
and that the diacetyl derivative (which was overlooked by Ladenburg) from which 
it wa 1 here obtained can be prepared with much less difficulty than has been done by 
any previous worker. The saponification of the diacetyl compound, its homologs 
and certain of its derivatives will form the subject of a future report. 
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by the saponification of the corresponding diacetyl derivative. The prod¬ 
uct melted at 201 °, and had the other properties recorded in the litera¬ 
ture. 4.5 g. of this material was mixed with about 50 cc. of water and 1.25 
molecular proportions of sodium hydroxide, and tlie resulting solution 
shaken with 25% more than the calculated quantity of benzoyl chloride 
until the odor of the latter had disappeared. After standing for some 
hours the solid that had separated was collected on a filter, washed with 
several portions of water, and dried. The yield was nearly quantitative. 
In this form the substance melted at 134-5°. Crystallization from al¬ 
cohol, benzene or ligroin gave slightly pinkish colored needles that melted 
at 138° if heated rapidly, or at 135° if heated more slowly. The com¬ 
pound is practically insoluble in water, but is slowly dissolved, on account 
of being saponified at the o-connection, when allowed to stand in the cold 
with sodium hydroxide solution. It is interesting in this connection to 
note that Tingle and Williams' subjected 2-acetylaminophenol to benzoyla- 
tion by the Schotten-Baumann method, using potassium hydroxide in¬ 
stead of sodium hydroxide, and mixing the substances in a different order 
than that specified above, and obtained a good yield of dibenzoyl-o-amino- 
phenol. In this work they prepared 4 diacylated aminophenols in which 
the acyl radicals were different, but observed no rearrangements. The 
reactions of my product are confirmed by analysis’ for nitrogen. 

Subs , o 6208; N (Kjeldahl), o0312 g. 

Calc, for CuHjiOjN. N, 5.49. Found. 5.03. 

A portion of the purified material specified above was mixed with a solu¬ 
tion of sodium hydroxide containing 2.5 equivalents of the alkali and was 
allowed to stand in the cold overnight or until practically all solid had 
passed into solution. The mixture was then filtered and the dear filtrate 
addified with hydrochloric add, whereupon a practically colorless crystal¬ 
line precipitate was thrown down. This was removed, washed well with 
water, and when dried on day plate melted without further purification at 
165-7°. The product was readily soluble in solution of sodium hydroxide 
from which it could be precipitated in unchanged form by the addition of 
adds, indicating its phenolic character. To show that the product in 
question could not be an impure spedmen of the acetylaminophenol 
(m. p. 201°) with which the experiment was started, portions of the two 
products were mixed and melted. The mass began to melt at 148° and 
was entirely liquid at 187°. A second portion of the product obtained by 
saponification of the benzoyl-acetyl derivative was further purified by re¬ 
peated crystallization, after which it melted sharply at 167°. This, 
together with the behavior already noted, showed that the product in ques¬ 
tion could not be identical with the acetylaminophenol melting at 201®. 

* Loc. rit. 

9 1 am indebted to Mr J L Clark for this analysis, 
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To determine whether it was benaoyl-o-amindpbenol, described by Hubner 1 
and by Ransom, * a portion of that compound was prepared according to 
the directions given by Ransom, and its properties carefully compared with 
those of my product. They agreed in every particular, and a mixture of 
the products melted at the same temperature as either of them separately, 
x«7°- 

The identity of the two products was still further established by convert¬ 
ing them into acetyl derivatives. Each was mixed with an equal weight 
of anhydrous sodium acetate and the requisite amount of acetic anhydride, 
and heated for a few minutes. After purification in the usual way, the 
product in each case had the melting point 134° or 138° (depending on the 
rate of heating) and other properties given above under 2-benzoylamino- 
phenyl acetate. Each of the products melting at 167° was benzoylated 
in accordance with the Schotten-Baumann method, and each gave a product 
which, after crystallization from alcohol, melted at 182 ®. These products 
were melted together without depressing each other’s melting point, and 
were found to be identical with 2-benzoylaminoplienyl benzoate, reported 
by Kalckhoff.’ 

Summary. 

1. When certain o-aminophenols were acylated in such a way as to in¬ 
troduce acetyl and benzoyl groups into the same molecule, the heavier 
of these radicals was found attached to nitrogen, regardless of the order 
in which the radicals were introduced. In one case a molecular rearrange¬ 
ment must have occurred. 

2. So far as the work has been carried, no differences have been observed 
between the behavior, in this respect, of substituted and unsubstituted 
aminophenols, which indicates that acid-forming substituents are not 
responsible for the rearrangement. 

3. It is recognized that factors other than the weight of the acyl 
radicals may determine the behavior observed in this work, and these are 
now under consideration 

Iowa Cm, Iowa. 

1 Ann., aio, 387 (1881). 

’Am. Chem. 23, 17 (/goo) 

* Ser., lb, i8}8 (1883). 
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CERTAIN METALLIC DERIVATIVES OF HYDROXY-ANTHRA- 

QDINONES . 1 

By M L Ceossiki 

Received September 23, 1919 

Hydroxy-anthraquinoucs, such as alizarine, anthrapurpurine and flavo- 
purpurine, form copper, cadmium, nickel and iron salts when boiled 
in an organic solvent with the corresponding metallic chlorides, anhydrous 
sodium acetate, and nitrobenzene These compounds appear to be normal 
salts in which the metal has replaced hydrogen of the hydroxyl groups. 
Similar hydroxy-anthraquinone salts of other metals have been prepared 
by this method but have not yet been thoroughly investigated 

These salts are practically insoluble in cold water, but dissolve readily in 
methyl and ethyl alcohols as well as in acetone, from which solvents they 
crystallize fairly well 

Wool, when boiled in a water suspension of the copper, cadmium, 
cobalt, nickel, chromium and iron alizarates, is dyed a pale shade of the 
color which alizarine gives on wool previously mordanted with the corre¬ 
sponding metallic salt The dye is evenly distributed through the fiber 
and appears to be as firmly held by it as in the case when produced in the 
mordanted fiber This, it seems to me, is positive evidence that the color 
produced by alizarine or similar hydroxy-anthraquinones in mordanted 
fiber is a property of the corresponding normal salt of the metal whose 
salt was used to mordant the fiber and that it is evidence of a chemical 
reaction This does not mean that the dyeing of the fiber is wholly a 
chemical phenomenon. Undoubtedly, physical phenomena such as sur¬ 
face tension, diffusion, adhesion, the collotdai state, etc, one or several, 
contribute to the distribution of the dye in the fiber and to its retention 
by it. On the one hand, Liechte and Suida, Liebennann, Guggiari* have 
expressed the opinion that the alizarine lakes have the composition of 
normal salts, while, on the other hand, Blitz, Haller and others,* think 
that lake formation is a phenomenon of a colloidal character It seems 
to me that the evidence will not justify the conclusion that the formation 
of an alizarine lake is wholly a physical or a chemical phenomenon, but 
rather should be interpreted to mean that it is the result of the combined 
action of physical and chemical phenomena. 

I believe the dye to be in the fiber and not simply on the fiber. Long 
boiling and scrubbing of the wool dyed with the sparingly soluble alizarine 
salts mentioned did not result in removing any more dye than was removed 
by similar treatment of the wool previously mordanted and then dyed with 

1 Presented before the Organic Division of the American Chemical Society at 
Philadelphia, September 2-6, 1919 

* Bar ,45,244* (191*) 

* Pirher Ztt . 489, 5*5 f*9i*) 
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alizarine. Whatever salt entered the fiber was held as firmly as whtn 
produced in it. The fact that the color was evenly distributed through 
the fiber is also evidence that it was not simply on the surface. 

Experimental Part. 

Copper Alizarate.—6 g of powdered c. p. alizarine, 4 g. of cupric 
chloride, 5 g. of anhydrous sodium acetate, and 100 cc. of nitrobenzene 
were boiled for 5 hours in a flask fitted with a reflux condenser. The re¬ 
action mass was allowed to cool, after which it was filtered, washed with 
water and then with ether and finally crystallized from methyl alcohol. 
The yield was 7 g. 

It is a dark red substance which is insoluble in cold water and only very 
slightly soluble in boiling water. It dissolves readily in ethyl and in methyl 
alcohols, giving a wine-red solution with the former and a darker red solu¬ 
tion with the latter. With acetone it gives a dark red solution and with 
nitrobenzene a dark brown. It gives a dark purple solution with aniline. 
It is insoluble in ether, benzene, carbon disulfide, chloroform and petroleum 
ether. It is decomposed by dilute mineral acids. 

Calc for Ci,H« 0 ( Cu Cu, 210R pound Jo H6. 

Cadmium Alizarate.—A mixture of 3 g. of alizarine, 2.3 g. of cadmium 
chloride, 3 g. of anhydrous sodium acetate, and 100 cc. of nitrobenzene 
was boiled in a flask provided with a reflux condenser for 5 hours. The 
reaction mass was cooled, filtered, washed with water and with ether and 
then crystallized from methyl alcohol. The yield was 3 g. 

It is a purplish brown product which is practically insoluble in water, 
ether and benzene. It is soluble in methyl alcohol, ethyl alcohol, and 
acetone, giving wine-red solutions. Mineral acids decompose it. 

Calc for CuHaOrCd Cd, 32 Found 32 3 

Nickel Alizarate.—6 g. of alizarine, 3 g. of nickel chloride, 5 g. of 
anhydrous sodium acetate, and 100 cc. of nitrobenzene were boiled for 5 
hours in a flask with a reflux condenser. The reaction product was poured 
into cold water and filtered. It was then washed with water and ether and 
crystallized from methyl alcohol The yield was 7 g. 

It is a dark purple product which is insoluble in water. It dissolves 
readily in hot methyl and ethyl alcohol, giving dark red solutions. With 
acetone it gives a brown solution and with aniline an olive-green. It is 
but slightly soluble in boiling ether and benzene. 

Calc for CitH,OiNi: Ni, 1977. Found - 19.84. 

Iron Alizarate. —6 g. of alizarine, 4 g. of ferric chloride, 5 g. of sodium 
acetate, and 100 cc. of nitrobenzene were boiled for 5 hours in a flask 
with a reflux condenser. The product was poured into water, filtered, and 
washed with ether. It was purified by crystallization from acetone. The 
yield was 7.6 g. 
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It is a dark red product, insoluble in water, quite soluble in methyl 
alcohol, ethyl alcohol, and acetone, giving purple solutions, but slightly 
soluble in ether and benzene. 

Calc for !•’», 11*05 Found ly 8 

The cobalt and chromium salts of alizarine as well as the copper and 
nickel salts of anthrapurpurine and flavopurpurine were prepared and, 
with the exception of the cobalt salt of alizarine, which analyzed for 
C«HhOhCo, appear to be normal salts. 

Summary. 

Copper, cadmium, nickel and iron salts of alizarine are formed when 
alizarine is boiled with the respective salts of these metals, anhydrous 
sodium acetate, and nitrobenzene. 

These alizarine salts, though slightly soluble in water, penetrate un¬ 
mordanted wool fiber and produce colors identical with those produced 
by alizarine in wool fibers mordanted with the respective metallic salts. 
These dyes appear to be i« the fiber and not simply on the fiber. 

The formation of an insoluble alizarine dye in a mordanted fiber is ac¬ 
complished by the combined action of physical and chemical phenomena- 

Hound ttftOOK N J 


GENTIAN VIOLET ITS SELECTIVE BACTERICIDAL ACTION . 1 

By M I. Ckossley 
Received September 25, 19 J9 

Shortly after the United States entered the war, it was discovered that 
the supply of gentian violet dye used in biological work as a differentiating 
stain was limited. Prior to the war, this material had been imported from 
Germany and no particular attention had been given to its composition. 
Careful study of the available literature gave no information of importance 
and it was decided to undertake an investigation of the product in order 
to determine its composition. Some of the information found in the litera¬ 
ture was later discovered to be erroneous or confusing. For example, 
Pappenbein* states that it belongs to the rosaniline group and probably 
contains dextrine. This fact proved to be correct. On the other hand, 
Muhr and Richie* consider it synonymous with benzyl violet and pyok- 
lanfn. 'This, of course, is an erroneous judgment, for benzyl violet is a 
mixture of benzyl-pen tame thy 1-p-rosaniline hydrochloride and hexa- 
methyl-p-rosaniline hydrochloride, while pyoktanin is a trade name for 
a mixture of hexamethyl-p-rosaniline hydrochloride and pentamethyl-p- 

* Presented before the Dye Section of the American Chemical Society at the Phila¬ 
delphia meeting, September i~6, 1919. 

* Cnmdnss der Fork Cktmte sttm Gtbrawh be* Mikroskopi*chen ArbeUen. 

* "Manual of Bacteriology,*' p. 101. 
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rosaniline hydrochloride, Pyoktanin then is another name for methyl 
violet B, 

A preliminary study of the gentian violet obtained from the Griibler 
laboratory at Leipzig, furnished me by the Connecticut State laboratory, 
showed the product to be mixture of dextrine and dye in about equal 
proportions. A qualitative study of the physical and chemical properties 
of the dye indicated that it belonged to the triphenylmethane class and 
that it contained free amino hydrogen. Further investigation showed that 
the dye was chiefly a mixture of hexamethyl-p-rosaniline hydrochloride 
and pentaxnethyl-p-rosaniline hydrochloride. 

On acetylation of the dye, two products were obtained: one which did 
and one which did not contain an acetyl group. The first was a violet 
dye which reduced to a product identical with liexamethyl-p-leucaniline; 
the other reduced to acetyl-pentamethyl-p-leucaniline. The limited 
quantity of material available for the investigation and the difficulty 
encountered in making a sharp separation of the two products made it 
impossible to get a quantitative analysis of the product. The sample in¬ 
vestigated, however, showed that hexamethyl-p-rosaniline hydrochloride 
was present in larger proportion than the pentamethyl product. There 
was also present a small amount of another dye which gave an acetyl de¬ 
rivative not crystallizable from the acetic add solution and which, on re¬ 
duction and qualitative study, appeared to be the acetyl derivative of 
the tetramethyl-p-rosaniline hydrochloride. It would, therefore, appear 
that the so-called gentian violet is simply a prepared mixture or blended 
mixture of the above mentioned dyes. 

In view of the fact that Dr. Churchman had shown gentian violet to 
possess selective bacteriddal action, and since it now appeared that gentian 
violet was not an individual dye, it, therefore, seemed pertinent to learn 
whether or not the selective activity of gentian violet was an inherent 
property of the mixture called gentian violet or of one or both of its com¬ 
ponents. Using the method suggested by Dr. Churchman, 1 it was found 
that the organisms which are destroyed by gentian violet in the dilution 
of 1 : xoo.ooo parts, were also destroyed by hexamethyl-p-rosaniline 
hydrochloride, pentamethyl-p-rosamline hydrochloride and rosaniline 
in the same dilution, and those that were negative to gentian violet were 
also negative to the other dyes mentioned. For example, B. Prodigiosus, 
B. fluorescms (liquefying and non-liquefying), B. mueasus capsulahts 
or pneumobacillus of FriedlSnder, Streptococcus pyogenes and B. coli 
(communis), grew equally well on agar agar medium containing gentian 
violet, hexamethyl-p-rosaniline hydrochloride, pentamethyl-p-rosaniline 
hydrochloride and rosaniline in the dilution of 1 : 100,000, while B. 
subtilis, B. cereus, Sarcina aurantiacea, Sarcina lutea, Staphylococcus 
1 J. Exp. Med., 16,228-248 (1912); 18,579-583 (1913). 



Bactericidal, action of gentian vicu-et. 


2085 


pyogenes, B. violaceat and B, mycoides were killed by all 4 compounds in 
the dilution of 1 : 100,000 It is, therefore, evident that the selective 
bactericidal action of gentian violet was a property of its components. 
That this selective action is related to the constitution of the dye, I have 
no doubt. It seems that the effectiveness of any one of the dyes mentioned 
in killing organisms is governed by two factors; first, the composition of 
the dye, and second, the nature of the organism. Both chemical and 
physical phenomena are undoubtedly concerned in the reaction. 

Malachite green will kill B. subiilis and B. mycoides in the dilution of 
1 : 100,000, but not in the dilution of 1 : 200,000. In fact, no one of 
the dyes mentioned is effective for B. subiilis in dilutions greater than 
1 : 100,000. B. mycoides , however, is destroyed by malachite green in 
the dilution of 1 : 100,000, rosaniline in dilution of i: 200,000, and by gen¬ 
tian violet, hexamethyl-p-rosaniline hydrochloride, and pentamethyl-p- 
rosaniline hydrochloride in the dilution of 1 : 300,000. The consti- 
ution of the dye is, therefore, and important factor. 

It would seem from the evidence at hand, that this selective bacteri¬ 
cidal action of the dyes mentioned is a property of the triphenylmethaae 
dyes and is particularly related to the basic nitrogen groups. An increase 
in the number of these groups and substitution of methyl radicals for amino 
hydrogen seem to intensify the bactericidal power. This suggests an ex¬ 
tremely interesting and important line of research, that is, the relation of 
chemical constitution to selective bactericidal action. I feel, however, 
that this problem cannot be successfully attacked from the chemical point 
of view only. In order to understand the chemistry involved, we must 
know more about the composition of bacteria. I am inclined to believe 
that the part played by the bacteria in this selective action is of prime 
importance. 

Of the group of organisms studied, those that were gram positive, that 
is, those that were stained by the dye, were also gentian positive, that Is, 
killed by gentian violet; while those that were gram negative were not 
inhibited in their growth by gentian violet. This same observation was 
true with respect to the other dyes mentioned. This, it seems to me, is 
evidence of a chemical reaction between some component or components 
of the bacteria cell and the dye. It has already been shown 1 that malachite 
green combines with sodium nucleate to form a black, porous nucleate of 
the dye. This selective bactericidal action seems then to be caused by the 
presence of compounds with reactive groups in the structure of the bac¬ 
teria capable of readily combining with the dyes mentioned through cer¬ 
tain reactive groups in their structure. Wherever this combination re¬ 
sults in the formation of compounds which are detrimental to the hie 
1 Biocktm. Z., 41, 440-469 (191a). 
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functions of the organisms, either limitation or complete destruction of 
their life activities result. 

I believe that careful investigation will show that there is variation of 
the susceptibility of bacteria to different chemical destructive agents and 
that no one chemical substance is capable of destroying all species of 
bacteria. There is then much work to be doue in this field, for the whole 
system of sanitation rests upon the assumption that a disinfectant capable 
of killing* certain pathogenic organisms will generally kill others. I trust 
that some biological chemist will take up this problem and continue the 
investigation, since I am no longer in a position to do so. 

Experimental Part. 

i. Alcohol-insoluble Portion of Gentian Violet.—2.2285 g. of the 
Grubler gentian violet was extracted with absolute alcohol and filtered. 
The residue was washed with alcohol until the filtrate was colorless. It was 
then dried and weighed. 1.1124 g. was obtained. This represented 
49.92% of the dye. A second analysis gave 49.54% of alcohol-insoluble 
material. This product was soluble in water, gave the iodine test for 
dextrine, gave a brown solution with sulfuric acid which charred on heat¬ 
ing and gave the characteristic dextrine odor. A water solution of the 
product reacted with an ammoniacal solution of lead acetate to give a 
heavy, white precipitate. The water solution had the characteristic dex¬ 
trine odor. This evidence proved the alcohol-insoluble substance to be 
dextrine. 

a. Ash.—0.6140 g. of dye was ignited in a platinum crucible and 
0.0070 g. of ash, equal to 1.14% obtained. 

3. Identification of the Dye.—The alcohol solution of the dye was 
carefully evaporated to dryness and dried to a constant weight. It was 
soluble in water and the solution gave the following reactions: It reacted 
with a solution of picric acid to give an insoluble, dark violet picrate;it 
gave a dark brown precipitate when treated with sodium hydroxide: it 
reduced to a colorless solution when treated with ammonium hydroxide 
and eiac dust, and gave an insoluble red-violet precipitate when treated 
with potassium dichromate solution. The dye dissolved in cone, sulfuric 
arid giving an orange colored solution which on dilution with water changed 
to red-green, then to green, to blue, and finally to violet, with increasing 
dilution, color phenomena characteristic of the alkylated p-rosanilines. 
When a portion of the dye was boiled with anhydrous sodium acetate and 
an excess of acetic anhydride, a solution was obtained which gave a violet 
spot with a green ring indicating the presence of free amino hydrogen in 
the dye. This evidence indicated that the dye belonged to the p-rosaniUite 
group and confirmed Pappenhehn’s opinion. This was proven as follows: 
A portion of the dye was mixed with an excess of acetic anhydride and 
anhydrous sodium acetate and boiled several hours. The reaction product 
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was dissolved in water and salted with sodium chloride and zinc chloride. 
A violet precipitate formed leaving a green solution. This was filtered 
and the violet dye again dissolved in water and again salted with sodium 
chloride. The resulting dye was filtered and the filtrate added to that 
obtained from the previous filtration. The violet dye was then reduced 
and gave a product melting at 173°, proving it to be hexamethyl-f-Ieucani- 
line which showed that the violet dye was hcxamethyl-^-rosaniline hydro¬ 
chloride. The green solution was reduced with zinc dust and gave a pre¬ 
cipitate of a leuco compound which crystallized from pure alcohol as 
colorless, concentric, needle crystal aggregates, melting at 142-3 It 
analyzed for QieHjiNaO and was identical with acetyl-pentamethyl-p- 
leucaniline. 

Calc, for C»H»,NjO' N, 1047. Found: 10.32. 

This was treated with hydrochloric acid and converted into 
a substance crystallizing from dilute alcohol in colorless needles. 
From benzene the substance crystallized in beautiful, colorless coalescent 
spears, melting at 115 to 116 0 . It analyzed for C«Hj»N s and was penta- 
methyl-p-leucaniline. 

Calc, lor C»H»Xt. N, 11.7. Found: 11.S3. 

By oxidation of this a beautiful violet dye was obtained 
which was evidently pentamethyl-p-rosaniline. The filtrate from the 
acetyl-pentamethyl-p-leucaniline gave on standing a small quantity of 
a product which appeared to be an acetyl-tetramethyl-p-leucaniline. The 
small quantity available made a thorough study of it impossible. It 
would, therefore, seem that gentian violet is chiefly a mixture of hexa- 
methyl-p-rosaniline and pentamethyl-p-iosaniline hydrochlorides with 
probably a small quantity of the tetramethyl product. 

4. The Selective Bactericidal Action of Gentian Violet and its Com¬ 
pounds.—Several organisms which had previously been shown to be 
gentian positive and gentian negative were selected and the method of 
Churchman adopted for a study of their behavior with gentian violet 
free from dextrine, and c. p. samples of the dyes found in gentian violet. 
In order to see if the alkyl groups in these dyes had any important in¬ 
fluence on their bactericidal properties, rosaniline was selected for com¬ 
parative study. Malachite green was also used to study the effect of the 
number of basic nitrogen groups. The investigation was only preliminary 
and by no means exhaustive. 

Divided plates of agar agar medium, one-half dyed with dye solution, 
were made as suggested by Churchman and the organisms under investi¬ 
gation plauted on the undyed portion. Series A represents gentian violet 
free from dextrine, dilution 1 : 100,000; series B, hexamethyl-^-rosaniline 
hydrochloride, dilution 1 : 100,000; series C, pen tame thyl-p-rosaniline 
hydrochloride, dilution 1 : 100,000; series D, rosaniline, and series E, 
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the above mentioned substances and malachite green in different dilutions. 
The organisms reported in the corresponding tables as gentian positive 
did not grow across into the dyed portion of the plates, while those indi¬ 
cated as negative did. It will be observed that in dilutions of i : 100,000 
there was no difference in the effectiveness of the dyes for the organisms 
selected. With greater dilutions the bactericidal power of the dyes for 
two gentian positive organisms diminished with the decreasing number of 
the methyl groups and the basic nitrogen groups. It will be seen from Table 
E that rosaniline was more effective for B mycoides than malachite green. 
In other words 3 unsubstituted amino groups were more effective than 
2 in which the 4 hydrogens had been substituted by methyl radicals. 
Comparing the effectiveness for B mycoides of the 4 substances up to a 
dilution of 1 300,000 it will be seen that hexa- and pentamethyl-p- 

rosamline appear equal in strength and that they are the most effective 
of the group 

Tablf I -Series A 

Gentian Violet free from Dextrine Dilution 1 100,000 
Gram + = retains stain Gentian -1- — inhibited 

Gram — does not retain stain Gentian — = not inhibited. 


Organism 

Gram + or - 

Gentian + 

B Prodigiosus 

— 

— 

B Subtdis 

+ 

+ 

B Cereus 

+ 

+ 

B Fluorescens (liq) 

— 

— 

Sareiua Aurantiaca 

+ 

-f 

B M ucosus Capsulatus 
Friedlander 

or Pneumobricvllus of 

r ._, 

Sarcnm JLutea 

+ 

+ 

Streptococcus pyogenes 

— 

— 

Staphylococcus pyogenes 

+ 

4 " 

B Colt (communis) 

— 

— 

B ViOlaceae 

+ 

4 * 

B Fluorescens (non-hq ) 

— 

— 

B Mycoides 

+ 

+ 

Table II —Series B 

Hexamethyl p rosaniline Hydrochloride Dilution 1 

100 000 

Organism 

Gram -f or — 

Gentian + a 

Sarctna Lutea 

+ 

+ 

B Fhiorescens (liq) 

. . — 

— 

Sarcuia Aurantiaca 

+ 


B Violaceac 

+ 

+ 

B Mucosus Capsulatus 

—- 


B Prodigiosus 

. . . — 

—* 

B Cfcreus 

. + 

+ 

B. Mycoides. 


+ 

B. Fluorescens (non-hq) 

. — 

— 

9 . Subtilis . . 

. + 

+ 
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Table III —SERIES C 


Penta methyl^-rosamline 

Hydrochloride Dilution 1 

IOOOOO 

Organism 

Gram + or — 

Gentian + or — 

Sarcina Lutea 

+ 

+ 

B Fluoresce ns (liq ) 

—- 

— 

Sarcina Aurantiaca 

+ 

+ 

B Vlolaceae 

+ 

+ 

B Mucosus Capsulatus 

— 

— 

B Prodijjposuj 

— 

— 

B Cereus 

+ 

+ 

B Mycoides 

+ 

+ 

B Fluorescent (non liq 1 

— 

— 


Table IV— Series D 
Rosanilme Dilution 1 100000 

Orgarmm GenLan + or —■ 


Sarcina Lutea + 

B Fiuorescens fhq ) 

Sarcina Aurantiacu + 

B \ lolaceae + 

B Mucosus Capsulatus — 

B Prodtgiosus — 

B Subtilis d 

B Fluoresu.il-> (non liq I 

B Mycoides + 


Table \ —Series F 
Different Concentrations ol Dves 

Dye* 


Organism 

G V 

Hcxa 

Penta 


Mala 

Dilution 

B Subtilis 

4 * 

4 

4 

4 

4 

I IOOOOO 

B Subtilis 

— 



— 

— 

I 200000 

B Mycoides 

4 

T 

4 

4 

4- 

I 100000 

B Mycoides 

4 

4 

4- 

4 . 

4 

1 200000 

B Mycoides 

4 

4 

4 

- 

— 

1 300000 

B Mycoides 



— 

- 

- 

] 400000 


Each of the organisms was also studied with respect to its behavior 
with the gram stain and the result in each case was the same. All the 
gram positive organisms were gentian positive 

Summary. 

i. Gentian violet is a mixture of dextrine and dye in about equal pro- 
pdrtions. The dye is a mixture chiefly of hexamethyl-p-rosaniline hydro¬ 
chloride and pentamethyl-p-rosaniline hydrochloride with small quanti¬ 
ties of lower homologs, particularly the tetramethyl compound. 

j. The selective bactericidal action of gentian violet is no greater than 
that of its component dyes and gentian violet has no advantage over these 
in selective or differentiating power. 

3. The organisms found to be gentian positive were also gram positive, 
indicating that both the structure of the dye and that of the organism 
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are important factors in the selective action. The organisms that are 
positive fix the dye because they possess compounds in their structure 
capable of reacting with the dye to form new complexes which limit or 
destroy the cell activity of the organism. The concentration of the dye 
is an important factor in determining its power to kill the organism, or 
in other words, the survival of the organism depends upon the degree to 
which the destructive reaction between its components and the dye has 
taken place and this in turn is dependent on the amount of dye which the 
cell has absorbed. 

4. The effectiveness of the dyes used was the same in dilutions of 
1 : xoo.ooo but different in greater dilutions. 

5. No one of the dyes was effective for B. subtilis in dilutions greater 
than 1 : 100,000. B. mycoides was killed, however, by malachite green 
in dilution of 1 : 100,000, by rosaniline in dilution of 1 : 200,000, and by 
gentian violet, pentamethyl- and hexamethyl-p-rosaniline hydrochloride 
in a dilution of 1 : 300,000. 

6. The basic nitrogen groups appear to be the reactive groups and their 
action is intensified by substitution of methyl for amino hydrogen. 

I am greatly indebted to Mr. John Burisch, formerly a student at 
Wesleyan University, for assistance in the bacteriological part of this 
investigation, and hereby express my deep appreciation of his valuable 
work. 

Bound Bkook, N. J. 


[Contribution 1 prom The Laboratories op the Rockefeller Institute por 
Medical Research.) 

SYNTHESES IN THE CINCHONA SERIES. H. QUATERNARY 

SALTS. 

By Walter A Jacobs and Michael Heidelbergbr. 

Received October 1, 1919. 

In a recent communication a plan was outlined for the synthesis of 
aromatic arsenic compounds for biological study. 1 The present paper 
and that following it represent an attempt to apply a similar method of 
treatment to the field of the cinchona alkaloids, whose possibilities as 
material for chemotherapeutic study in one direction have been shown 
by the remarkable specificity for the pneumococcus displayed by ethyl- 
bydrocupreine,* 

Without entering into any extended discussion it may be stated that 
previous synthetic studies in the cinchona group have consisted mainly 
ia the preparation of ethers of the phenolic hydroxyl group at (i) in the 
formula (ethylhydrocupreine being the ethyl ether), and in the formation 
1 This Journal, 41, 1581 {1919). 

* Morgcnroth and Levy, Btrl, kltH. Wocksckr., 48, 1560.1979 (1911). 
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of A large variety of esters, making use of the alcoholic hydroxyl group 
(a), many of the latter substances having been produced in the search for 
a tasteless quinine derivative. 
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Several years ago the writers made an extended study of the quaternary 
salts of hexamethylene tetramine, many of which proved to possess con¬ 
siderable bactericidal power. 1 Since the cinchona alkaloids also contain 
a reactive tertiary amine group at (3) it was thought possible that from 
these also bactericidal or, more specifically, pneumococcidal substances 
might be synthesized using this as a basis. The present paper gives the 
chemical part of the work, and the bacteriological and biological findings 
will be reported in the appropriate place by Dr. Martha Wollstein, who has 
had charge of this phase of the work. 

The methochlorides are, of course, the simplest quaternary salts possible, 
and a n tun her of these were prepared as a basis for comparison. Next 
in complexity come the benzyl chlorides, several of which were obtained 
crystalline for the first time. Another larger, new group consisted of the 
salts formed with the chloroacetvl derivatives of ammonia, the lower 
aliphatic amines, and of benzylatnine. Up to this point the salts were 
in general fairly readily soluble in water and in dilute solution did not give 
precipitates with alkali. In the case of the chloroacetvl derivatives of the 
aromatic amines the new series of salts with the alkaloids were only spar¬ 
ingly soluble in cold water, and were, therefore, converted into their water- 
soluble hydrochlorides in order to render them suitable for biological test¬ 
ing. The aqueous solutions so obtained gave precipitates of the quater¬ 
nary bases on making alkaline with sodium hydroxide, but in only cme 
case was a crystalline base obtained. The quaternary salts with the 
amnatic chloroacetyl derivatives also dissolved in dil. nitric add, most 
of them soon depositing beautifully crystalline, sparingly soluble dinitrates 
or chloride nitrates, a representative oi each group being described and 
analyzed. Most of the salts prepared crystallized with water of crystalliza¬ 
tion, or in cases in which anhydrous solvents were used, came to final 
equilibrium in the air with water of crystallization. Solutions of all of 
1 J.Bicl. Chm., 10,659,6*5 (1915); 11, 103, et seq. (1915); X Exp Med., 13, 563, 
el ieq. (1916). 
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the salts, aliphatic as well as aromatic, yielded immediate precipitates with 
solutions of picric add or potassium dichromate. The salts of alkaloids 
in which the side-chain at (4) had been hydrogenated and with halides 
containing no readily oxidizable group, also gave purple precipitates with 
potassium permanganate. 

Experimental. 

The quaternary salts of the alkaloids with the chloroacetyl derivatives 
of the aliphatic and aromatic amines were prepared by boiling equimolecular 
amounts of the components in dry acetone for 5 to 7 hours, and this method 
is to be assumed below unless another is given. Unfortunately, no general 
method can be given for the isolation and purification of the salts, for 
although many either crystallized directly from the reaction mixture or 
remained as a crystalline residue when this was evaporated, most of the 
salts required different treatment in each case. Water of crystallization 
was determined in all cases after allowing the salt to come to equilibrium 
in the air; the water was then driven off in vacuo over sulfuric acid at room 
temperature, 8o°, or ioo°, depending on the properties of the salt. In 
the case of the hydrochlorides of the quaternary salts, most of those which 
were recrystallized from sin aqueous solvent were first air-dried; sill were 
dried for analysis to constant weight in vacuo at room temperature over 
sulfuric acid and crushed silkali. Nitrogen was usually determined by 
the Dumas method, although accurate values were also obtained by proper 
use of the Kjeldahl method. Halogen was determined in the majority 
of cases by the Volhard method, and it was sometimes necessary, owing 
to the formation of difficultly soluble nitrates which occasionally separated 
as gums before crystallizing, to add a definite excess of the silver nitrate 
solution and heat on the water bath before proceeding with the analysis. 
Optical rotations were calculated by means of the formula: [a] •» a X 
100 /l X c, taking c as g. of substance per 100 cc. solvent, a dose approxima¬ 
tion for low concentrations. Melting points above 140° were corrected 
to the short-stem thermometer basis. 

(A) Quaternary Salts of Cinchonine. 

Cinchonine Methochloride.—Although this salt is mentioned in the 
literature 1 it does not seem to have been described. 16.8 g. of cinchonine 
metbiodide were suspended in water and shaken for two horns with freshly 
precipitated silver chloride. The mixture was warmed on the water bath, 
filtered hot, and the filtrate treated with sodium chloride, causing the 
gradual deposition of the salt, which was recrystallized from water, forming 
.rhombic crystals containing one molecule of water of crystallization. The 
yield was 9 g. When rapidly heated to 265®, then slowly, the air-dry or 
anhydrous chloride decomposes at 270°, with pr eliminar y darkening. It 
dissolves readily in methyl or ethyl alcohol, less easily in water, and is 
1 S tahl a dimi dt. Ann., QO, 219 (1854); Roeenrteki, Compt. rtnd.. 130, JS 3 (1900). 
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almost insoluble in acetone. In water fa]n' 5 is +225.1 °, c = 1.482. The 
taste is weakly bitter. 

Subs, (air-dry), 0.6863: loss, 0.0344 in vacuo at 100° over H 2 SO 4 . 

C*lc. for CisHtiONiCl.lIjO: HtO, 4.97. Found: 5.01. 

Subs, (anhydrous), 0.243a. AaCl, 0.1012. 

Calc, tor CjoHjtONjCl: Cl, 10.28. Found. 1029 

Cinchonine Benzyl Chloride.—Equi molecular amounts of cinchonine 
and benzyl chloride were boiled daily on the water bath with acetone for 
about two weeks. Although considerable cinchonine remained unat¬ 
tacked this method avoided the partial decomposition occurring when 
alcohol is used. 1 The mixture was finally chilled, filtered, and the pre¬ 
cipitate boiled with water, filtering hot. The chloride crystallized on cool¬ 
ing as minute rods containing no water of crystallization and melting and 
decomposing to a purple mass at about 280°, with preliminary darkening. 
Claus and Treupel give the decomposition point as 248°. The salt dis¬ 
solves in hot water or alcohol, sparingly' in hot acetone or chloroform, or 
in the cold in water or alcohol. [a]o in water = +164.8°, c = 0.716. 

Subs., o 2563: AgCl, o 0870 

Calc, for CmHhUNjCI Cl, 8.43 Found 8.40. 

Cinchonine Iodoacetamide, CigHaON-.ICHiCONHs.—15 g. of cin¬ 
chonine were dissolved in boiling alcohol and treated with 9 3 g. of iodo¬ 
acetamide. After letting cool the solution was partially concentrated 
in vacuo, let stand overnight, and filtered from the precipitate of unchanged 
cinchonine. The filtrate, concentrated almost to dryness on the water 
bath, crystallized on rubbing with water, yielding j 6 g. of the crude iodide. 
RecrystaUized from water with the aid of boneblack it forms aggregates 
of long, thin plates and flat, prismatic needles containing 2 molecules of 
water of crystallization. The anhydrous salt gradually softens above 
145° to a yellow jelly which darkens as the temperature is raised and de¬ 
composes slowly at about 190°. It is very easily soluble in methyl or 
ethyl alcohol and dissolves readily in hot water and sparingly in the cold. 

Subs, (air-dry), 0.6344- loss, o 0414 in vacua at 100° over HtSO, 

Calc, for CiiH»0iN»I.2H»0. HjO, 6.99. Found: 6 53. 

Subs, (anhydrous), 0.1403. 10.6 cc. N. (39.0", 761 mm.). Subs., 0.164!: Agl. 
o 0778. 

^Cttlc. for CuHfcOiNd N, 8 77, t, 26 48 Found: N, 8 56; I, 25.62. 

Cinchonine Chloroacetunide. —14.5 g. of cinchonine iodoacetamide 
were converted into the chloro compound and this isolated exactly as in 
the case erf the methochloride. The product was recrystallized from a small 
volume of water, separating as resets of minute, narrow platelets contain¬ 
ing two molecules of water of crystallization, and melting with effervescence 
at 110-20° when rapidly heated. The yield was 9 g. The anhydrous 
1 Qaus and Treupel, Bet ., 13, 2294 (1880) 
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chloride gradually melts to a yellow jelly when heated and liquefies com* 
pletely at about 195°, with darkening and slow gas evolution, {a]” in 
water is +174.2 c = 1.163. It dissolves readily in water, methyl or 
ethyl alcohol, or chloroform, and softens under dry acetone, dissolving 
with difficulty. The air-dry chloride dissolves rather sparingly in cold 
water, a suspension clearing on adding sodium hydroxide- 

Subs, (air-dry), o 8162 loss, o 0698 in varuo at 100° over H»SO, 

Calc for CnH«OtNiCl aHjO HsO, 8 si Found- 8 55 
Subs, (anhydrous), o 1513 14 1 cc N (2.4 o', 753 mm ) 

Subs,0.1784 9 01 cc AgNOs soln (r cc = 0001812 g Cl) 

Calc lor CjiHmOiNjCI N, 1084, Cl, 9 is Found N, 10 80, Cl, 9 is 

An attempt was made to prepare the substance directly from cinchonine 
and chloroacetamide in boiling acetone but little ionized halogen wasformed. 

(B) Quaternary Salts of Cinchonidine. 

Cinchonidine Methochloride.—This substance was prepared and 
isolated in the same way as its cinchonine stereoisomer, except that it 
was necessary to saturate the solution with salt after removal of the silver 
iodide. The crude product was sucked as dry as possible, dissolved in 
absolute alcohol, filtered from sodium chloride, and cautiously precipitated 
by the addition of dry ether A repetition of the purification process 
proved to be necessary. The salt forms minute needles containing between 
one and 1.5 molecules of water of crystallization. The test for alcohol 
of crystallization was negative. When rapidly heated to 230°, then slowly, 
the anhydrous compound melts and decomposes at 232-3° with slight 
preliminary softening [o]” in water is —242.7°, c = 1.489. The 
air-dry salt begins to melt about 20° lower than the dried portion. Claus 
and Bock 1 give 158° as the melting point of the anhydrous salt. It dis¬ 
solves readily in the cold in water, methyl or ethyl alcohol, or chloroform, 
and only sparingly in dry acetone. 

Subs (air-dry), o 6458 loss, 0 0394 in vacuo at 100” over H«SO< 

Calc for CjsHaONtCl HjO HiO, 7 27 Found 6 10. 

Subs (anhydrous), o 2441. AgCl, o 1031 
Calc for C m H» 0 N»C 1 Cl, 10 28. Found 10 44 

Cinchonidine Chloroacetamide, CuH b 0 N*.C 1 CHiC 0 NHi.— 15 g. of 
cinchonidine were dissolved in warm chloroform and treated with 9.5 g. 
of iodoacetamide, warming until dear. The next day about one-half of 
the chloroform was evaporated 06 and the iodide precipitated by means 
of dry ether. The crude product showed no tendency to crystallize and 
was accordingly dissolved in hot alcohol, diluted with water until just 
faintly turbid, and converted into the chloride with freshly precipitated 
silver chloride. The filtrate was concentrated to dryness wi vacuo, evapor¬ 
ated down twice with absolute alcohol in vacuo, and finally taken up in 
1 Per., *3, 2191 (1880) 
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absolute alcohol and fractionally precipitated with dry ether. The first 
gummy portions were discarded until finally a white, solid, amorphous 
product was precipitated. This was filtered off, washed with dry ether, 
and dried, the yield being 3.5 g. When heated it gradually softens and 
turns yellow, becoming completely fluid at about 190°. [aJo 5 in water 
is —112.5°, c — 1.422. The salt dissolves readily in water, methyl or 
ethyl alcohol, or chloroform, and forms a gum under dry’ acetone, dissolving 
with difficulty. 

Subs 0.1416: 13..? cc N {245“, 755 mm ) 

Subs. 0.1720. 8 59 cc AgNO, soln (i cc = 0001S12 g Cl 1 

Calc for CiiH»OiNiCl N, 10 84; Cl, 9 i s Hound' N, 10 72 , Cl, 9 05 

(C) Quaternary Salts of Quinine. 

Quinine Methochloride. —20.5 g. of quinine methiodide were con¬ 
verted into the chloride in the usual manner, salting out the compound 
by means of sodium chloride solution. After recrystallization from ab¬ 
solute alcohol, 11.6 g. of the methochloride were obtained as delicate 
needles containing two molecules of water of crystallization. A test for 
alcohol of crystallization was negative. The anhydrous salt melts partially 
at 170-5 °, liquefying completely at 196-8° to an orange fluid filled with 
bubbles. [a]o = —211.7° in water, c = 0.655. The salt is sparingly 
soluble in cold water, readily on heating, and dissolves freely in alcohol 
and very easily in methyl alcohol. Claus and Mallmann 1 describe the 
methochloride as needles containing one molecule of water of crystalliza¬ 
tion, melting at 181-2° when dry, and dissolving readily in water. 

Subs. (»ir-dry), 07396- lavs. 00642 in vacuo at ioc>° over HiSO, 

Calc for CjiHnOjNtCl 2lijO 11 « 0 . 877 Found' 8 68 

Subs, (anhydrous), 0.2578 AgC\, 00986 

Cak. for CtiH«f>,NjCl' Cl, 946 Found 9 46. 

Quinine Benzyl Chloride.—17 g. of quinine were dissolved in warm 
acetone and allowed to stand in a warm place with 6.3 g. of benzyl chloride, 
adding acetone from time to time as it evaporated. After about a week 
a test portion cleared completely on dilution with water and addition of 
acid. Most of the acetone was then boiled off and absolute alcohol added. 
On warming and adding several volumes of dry ether crystallization of 
the salt commenced. The yield was 19.1 g. Recrystallized from absolute 
alcohol the chloride forms faintly yellow, rhombic prisms containing one 
molecule of water of crystallization. A test for alcohol of crystallization 
was negative. When rapidly heated to 180°, then slowly, the air-dry 
or anhydrous salt melts and darkens at 183-8°. (a]jj of the anhydrous 
compound in water is —230.5 c = 1.479. The chloride has a bitter 
taste and dissolves freely in cold water, methyl or ethyl alcohol, or acetone; 
less easily in ethyl acetate, and sparingly in chloroform, ^azzara and 
1 Ber-. * 4 « 76 (1881), 
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Possetto, 1 who prepared the salt in alcoholic solution, describe it as amor¬ 
phous. 

Subs, (sir-dry), 0.8335: loss, 0.0295 in vacuo at 100• over H»SO«. 

Calc, for CnHaOjNsCl.HjO : HfO, 3 84. Found: 3.54. 

Subs, (anhydrous), 0.1311: 7.4 cc. N (33-5°, 749 mm.). Subs., 02668: AgCl, 
0.0844. 

Calc, for CuHuOtNjCI: N, 6.22; Cl, 7.87. Found: N, 6.40; Cl, 7.83. 

Quinine Iodoacetamide.—After about 1.5 hours an acetone solution 
of 16.2 g. of quinine and 9.3 g. of iodoacetamide at room temperature be¬ 
gan to deposit the quaternary salt as rhombic crystals, 22.8 g. being ob¬ 
tained Recrystallized from water it first softens to a paste, and separates 
as prisms containing 1.5 molecules of water of crystallization. In this 
form the iodide dissolves readily in methyl or ethyl alcohol or acetone, and 
is sparingly soluble in cold water, readily in hot. The anhydrous salt 
gradually darkens and forms a jelly when heated, finally melting completely 
at 175-80°. It dissolves readily in chloroform and shows [a]o = —152.2® 
in water, c = 1.009. 

Subs, (air-dry), o 4789 loss, o 0257 in vacuo at 100“ over HtSO, 

Calc for 5H1O HjO, 5 04 Found 5 37 

Subs (anhydrous), o 1962 • Agl, o 0898. 

Calc for C„Ht,0,N,r- I, 2493. Found. 2473 

Quinine Chloroacetamide.—20 g. of the iodide were shaken in water 
for two hours with excess silver chloride, wanned, and filtered. The filtrate 
was concentrated to dryness in vacuo, taken up twice in absolute alcohol and 
concentrated as before, and finally dissolved in absolute alcohol and 
cautiously precipitated by the addition of dry ether. The solid, amorphous 
precipitate was collected, ground up under dry ether, filtered again, and 
dried, the yield being u.8 g. The chloride gradually softens above 160° 
and appears completely fluid at 190°, with gas evolution, la]” in water 
is —159.6°, c= 1.473. The salt dissolves readily in water, methyl or ethyl 
alcohol or chloroform, and only sparingly in acetone. On boiling an 
aqueous solution with sodium hydroxide ammonia is evolved. 

Subs. 0.2387: r2 45 cc N (24 j ”, 768 ram ). Subs. 0.2321: AgCl, 0.0787. 

Calc, for CnHt»0,NjCl. N, 10.06; Cl, 8 49. Found: N, 10.41; Cl, 839. 

Quinine Chloroacetanilide (Quinine Acetanilide Chloride), CjoHmOjNj. 
CICHtCONHC«Hs, —The method given at the beginning of the “Experi¬ 
mental Part” was used, with 8.5 g. of chloroacetanilide.* After boiling 
off the acetone dry chloroform was added to the already partially crystal 
Mae residue. After letting stand 19 g. of silky needles of the quaternary 
salt were obtained. It was purified by dissolving in absolute alcohol, 
filtering with the aid of boneblack, and adding several volumes af dry 
ether, separating after rubbing or seeding as rosets of delicate needles, 

1 Gate. chim. ital., 13, 530 (1884). 

* This JoO&nal, 39, 1441 (1917) 



QUATERNARY SALTS OF THE CINCHONA SERIES. 2097 

which are quite hygroscopic until dried. When rapidly heated to 320°, 
then slowly, the salt darkens slightly above 190° and melts with decompo¬ 
sition at 224-5". 1<*1d 5 in absolute alcohol is —131.5 0 , c = 1.046. 

It dissolves readily in methyl or ethyl alcohol, sparingly in dry acetone. 
It dissolves in dry chloroform, quickly separating again apparently with 
chloroform of crystallization. It gelatinizes under cold water and dis¬ 
solves on heating, separating again on cooling as a vaseline-like mass. 
It dissolves with effervescence in cone, sulfuric acid, giving a pale yellow- 
green, fluorescent solution. The compound also gi\es the thalleoquinine 
test 

Subs , o 1916 14 35 cc N fig o", 760 mm i 

Subs , o 1731 6920c AgNO, soln (1 cc — 0001S12 g Clj 

Calc for Cj*H«OjN,C! N. 8 31, Cl, 7 18 Found N, 8 57. Cl, 7 24 

The Hydrochloride. —Quinine chloroacetanilide in absolute alcohol was 
treated with alcoholic hydrochloric acid, the hydrochloride separating 
quickly as aggregates of minute, flat needles, and was filtered off after 
adding an equal volume of dry ether. The crude salt was dissolved in hot 
absolute alcohol, crystallized by the cautious addition of dry ether, and 
dried in vacuo at room temperature over sulfuric acid and crushed alkali. 
When rapidly heated to 200°, then slowly, it darkens and melts with de¬ 
composition at 204-6° to a deep red mass. 

It has a sharp, bitter taste and dissolves readily in water, yielding a 
solution add to litmus but not to congo red It dissolves very readily 
m methyl alcohol, less easily in absolute alcohol or dry chloroform, and is 
very difficultly soluble in dry acetone. An aqueous solution gives an 
amorphous predpitate with excess alkali. 

Subs , o 188j 13 t cc N (24 5°, 758 mm ) 

Subs, 01258 9 03 cc AgKOa sola (1 cc -* 0001812 g Cl 1 

Calc for CaHaOJCjCl UCl N T . 7 93. Cl. 13 37 Found N, 7 97. Cl. 1304 

Quinine Chloroacetanilide Nitrate, C.oHmOjNs C 1 CHjCONHC«H*.- 
HNOj. —By analogy with the corresponding derivative of hydroquinine 
(see below) this salt was originally believed to be quinine acetanilide di¬ 
nitrate, but as it persistently retained several per cent, of chlorine in spite 
of attempts to substitute the nitrate ion the preparation was modified 
as fellows: 2 g. of the chloride hydrochloride were dissolved in water 
with the aid of a drop of dil. nitric add to drive back dissodation. 

A few drops of saturated salt solution were added and then 10% nitric add 
until the initial turbidity barely redissolved and crystals began to form. 
The salt separated rapidly on rubbing and after letting stand in the cold 
it was filtered off and dissolved in hot water. The solution was then cooled 
to initial turbidity, cleared with a drop of dil. nitric add and treated with 
a few drops of saturated sodium chloride solution, then with 10% nitric 
acid until crystals began to separate. After finally letting stand in the 
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ice box the deposit of thin, nacreous platelets was filtered off and washed 
with a little ice water. The yield was 1.4 g. When rapidly heated to 
100°, then slowly, the salt decomposes at 201-3 0 with preliminary brown¬ 
ing and softening. It is appreciably soluble in water at room temperature, 
but is almost insoluble in the presence of nitric acid. It is readily soluble 
in boiling water, less easily in boiling methyl or ethyl alcohol, and difficultly 
in boiling acetone or chloroform. The air-dry salt contains no water of 
crystallization. 

Sobs. 01163- 1090c N 5 0 . 763 mm ) 

Subs 0.1332: 4540c Ag.N'O, soln (1 cc = 0001794 K Cl). 

Calc for CtiHsjOjNaCl.HNOa N, 1006; Cl, 637 Found N, 1065; Cl, 603. 

Quinine p-Chloroacetylamino-phenol, Cj^HhOkNVCICHsCONHCjHj- 
OH(p-).—4.7 g. of p-chloroacetylamino-phenol 1 were used. Toward 
the end a dark tar separated, and on standing overnight a portion of this 
crystallized. The acetone was poured off and the crude material dissolved 
in a little warm absolute alcohol and treated with several volumes of dry 
acetone. Dry, alcohol-frce ether was then cautiously added until a slight 
permanent turbidity had formed, and [after treating with boneblack, 
the filtrate was seeded. On rubbing and stirring and occasionally adding 
additional small amounts of diy ether, 5.1 g. of the chloride separated as 
rosets of minute, faintly pinkish needles. The salt was washed with dry 
acetone, dried in vacuo over sulfuric acid to remove adhering solvent, and 
then air-dried, coming to equilibrium with approximately 1.5 molecules 
of water of crystallization. It then dissolves with difficulty in cold water, 
freely on heating, separating on cooling as a jelly. An aqueous solution 
gives a precipitate with sodium hydroxide. The anhydrous salt softens 
at about 180-90° to an orange red jelly which Is completely fluid at about 
205° and slowly evolves gas. It dissolves readily in methyl or ethiyl 
alcohol, forms a gum under dry chloroform, and is sparingly soluble n 
cold, dry acetone, more easily on warming. 

Subs, (air-dry), o 4644: loss, o 0238 in vacuo at 100 0 over H»SO<. 

Calc for CmHkOA'jCI i 5H1O H» 0 , 3 03 Pound- 5 56, 

Subs, (anhydrous), o 1218- 8 6 cc N (240°, 759 mm) Subs, 0.1998: AfCl, 
00533 

Calc for CtfHjjOjNjCl. N, 8 24, Cl, 6.96. Pound. N, 8.11, Cl, 660. 

Quinine o-Chloroacetylamino-benzamide, CmH;,OsN,.C 1 CH»CONH 
C»H<CONHj( 6>-),—4.25 g. of 0-chloroacetylamino-benzamide 1 were used, 
with alcohol as the solvent. This was then boiled off and the gummy 
residue taken up in dry acetone, the chloride soon crystallizing from the 
dark brown, fluorescent solution. The yield was 4.7 g. The crude salt 
was purified by dissolving in hot, dry chloroform, treating with boneblack. 
filtering, and adding several volumes of dry acetone, then by recrystal- 

' This Jouknai,, 39, 1443 (1917) 
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lization from absolute alcohol, in which it is sparingly soluble in the cold, 
quite easily on boiling. It forms pale tan rhombs containing 3.5 molecules 
of water of crystallization or 1.5 molecules of alcohol. When rapidly 
heated to 175°, then slowly, the anhydrous salt melts at 178-9° with gas 
evolution to a red-brown liquid. [o]d = —164.4“ ’ n absolute alcohol, 
c ** 0.979. It is soluble in dry chloroform, difficultly so in cold absolute 
alcohol, readily on boiling with a yellow color, and is almost insoluble in 
boiling benzene. A solution in dilute add gives a gummy predpitate 
with excess sodium hydroxide and if this is washed well with water and 
rubbed, it gives the microcrystalline, difficultly soluble quaternary base. 

Subs, (air-dry), o 7616' loss, very slow, 00789 in vucvo at n>o° over H 2 SO, 

Calc. lor C„H« 0 ,N,CI 3 5 H,Q HiO, 1052 For i sCjHjOH. 1140 Found: 
io.j6 

Subs (anhydrous), 01425 11 9 cc N (18 0°, 749 mm) Subs, 02289 AgCl, 
0.0588 

Calc for C»H« 0 ,N,C 1 N, 1044, Cl, 6 61 Found X. 10 49. Cl. 6 36 
(D) Quaternary Salts of Quinidine. 

Quinidine Methochloride.—19.9 g. of quinidine methiodide were 
converted into the methochloride as usual, salting out the product cau¬ 
tiously with sodium chloride solution. Treated in absolute alcoholic 
solution after filtering from sodium chloride, with several volumes of dry 
ether the salt crystallizes on rubbing as aggregates of prisms containing 
solvent equivalent to one molecule of water of crystallization when air 
dry. The yield was 8.5 g. The anhydrous salt melts with decomposition 
at 250-1 0 and gives [ajo = +253.1° in water, c = 1.505. It dissolves 
readily in water, methyl or ethyl alcohol, or chloroform and is almost in¬ 
soluble in dry acetone or benzene. 

Subs (air-dry), o 5200 loss, 00245 iH 1 'oeuo ut mo* over H, 5 t), 

Cole (or CjiHjtO»NjC 1 HjO Hj<\ 4 59 Found 4 71 

Subs (anhydrous), 02216- AgCl, 00837 

Calc, for CjiHjjOjNiCI Cl, 9 46 Found 9 35 

Quinidine Benzyl Chloride.—The components were allowed to stand 
in a warm place in acetone solution for 15-20 days. After boiling off 
the acetone the residue soon began to crystallize and the process was has¬ 
tened by adding dry acetone. The collected salt was ground up with dry 
acetone, heated to boiling, cooled, filtered again and washed with dry ace¬ 
tone. The yield was 85% of the quinidine used. The chloride forms pale 
yellow, hair-like needles, containing approximately 2 molecules of water 
of crystallization when air-dry. The anhydrous salt gradually melts and 
decomposes up to 180° when heated and gives [a]o 5 •» +219.9° in water, 
c = 0.632. It softens under dry methyl or ethyl alcohol or dry chloro¬ 
form, dissolving readily, and is more sparingly soluble in dry acetone. 
The chloride also dissolves readily in water. 
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Sub*, (air-dry), o 7596 loss, o 0609 *1* vacuo at 80", then 100* over HtSOt, 
Cak for CnHnOjNiCI 2H1O: H» 0 , 7 40 Found 802 
Subs, (anhydrous), o 1350 7 5 ec N (24 o‘, 749 mm ) 

Subs, 01557 6700c AgNOj soln (1 cc — 0001812 g Cl) 

Cak for CiiH,iO,N,Cl N, 6 22; Cl, 7 87 Found’ N, 6 29; Cl, 7 80 

Quinidine Iodoacetamide.—The quaternary salt crystallized in prac¬ 
tically quantitative yield on suspending quinidine in hot acetone, adding 
one equivalent of iodoacetamide, shaking until clear, and letting stand 
overnight. As so obtained the salt forms a paste under water, crystal¬ 
lizing on rubbing. Recrystallized from water it forms rosets of long, 
narrow plates containing 1.5 molecules of water of crystallization. The 
anhydrous iodide melts to a yellow jelly at 165-70°, gradually liquefying 
and darkening until entirely fluid and filled with bubbles at about 190°. 
[“Id 5 = +166.2 0 in absolute alcohol, c = 1 008. It becomes pasty under 
methyl or ethyl alcohol, dissolving readily, and also dissolves in chloro¬ 
form. The hydrate is easily soluble in hot water, sparingly in the cold, 
and dissolves readily in acetone, separating immediately on rubbing, pre¬ 
sumably as a less hydrated form. 

Subs (air-dry), o 6898 loss, 0 0330 in rncuo at 100° over HiSOt 
Calc for CnH,jO,N,I 1 5H1O HiO, 5 04 Found 4 78 
Subs (anhydrous), o 2585 Agl, 01180 
Cak for C M H„ 0 ,N,I I, 24 93 Found 24 67 

Quinidine Chloroacetamide.—After recrystallization from water this 
salt formed rosets of prismatic needles containing one molecule of water 
of crystallization, the yield being about 50% of the quaternary iodide used. 
The anhydrous salt melts at 187-91 ° to a yellow jelly, gradually darkening 
and finally liquefying with decomposition at about 205°. [a]o *» 
+207.2° in water, c = 1.031. The chloride is soluble in cold water or 
alcohol, more readily in methyl alcohol, and very sparingly in chloroform 
or acetone. 

Subs, (air-dry), o 6128 loss, o 0280 in vacuo at 100“ over HjSCV 

Calc for CbHi« 0 ,NiC 1 HiO HiO, 4 14 Found 4 S7. 

Subs, (anhydrous), o 1300: 11 2 cc N (21 4', 759 mm ). 

Suba, 02566- AgCl, 0.0861 

Cak. for CnHuOiNiCI N, 1006; Cl, 849 Found N, 998, Cl, 830 

Quinidine Iodoacetylurea.—Equimolectilar amounts of quinidine and 
lodoacetylurea 1 were boiled in acetone until dear. The next day most 
of the solvent was boiled off and the residue taken up in hot water, treated 

* Iodoacetylurea, ICHjCONHCONHi —13 6 g of finely powdered chloroacetytarea 
were added to a solution of 15 g. of dry sodium iodide in 100 cc. of dry acetone, shaken 
for 2.3 hours, and let stand overnight (of. L. Finkelstein, Bcr., 43, 1528 (>910)). The 
mixture, now a paste of minute crystals of the lodo compound, was diluted with water 
and filtered. The crude iodoacetylurea was recrystallized from 50% alcohol, in which 
it b quite sparingly soluble, even at the boiling point. 15.4 g. separated as fiat prisms 
which melt and decompose at 182-4" with preliminary darkening and partial de- 
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with boneblack, filtered, and allowed to cool. The iodide separates in 
almost quantitative yield on rubbing. Recrystallized again from water 
it forms resets of minute plates containing 3 molecules of water of crystal¬ 
lization. When rapidly heated to 165°, then slowly, the anhydrous salt 
melts at 170-5° to an orange mass which slowly evolves gas and blackens. 
It is difficultly soluble in cold water, readily in hot, and dissolves easily 
at room temperature in methyl or ethyl alcohol or acetone. It dissolves 
slowly in dry chloroform and only sparingly in benzene. 

Subs, (air-dry), 0.6290: loss, 0.0332 in vacuo at ioo° over HjSO, 

Calc for CbHhOiN^.jHjO. HjO, 891. round: 846. 

Subs, (anhydrous), 01360 13 6 cc N (30.0°, 755 mm). Subs., 01658. Agl, 
0.0681. 

Calc, for CaHjjO«N»I: N, ro 14; f, 22.98. Found' N. ro.37; I, 22 20. 

Quinidine Chloroacetylurea.—The chloride, prepared from the iodide 
with silver chloride, was recrystallized from a small volume of water, form¬ 
ing resets of spears containing 3.5 molecules of water of crystallization. 
The anhydrous salt melts and swells at 176-8°, with darkening, and gives 
[aJn ’ = +170.9° in water, c — 1.325. It dissolves readily in water 
or methyl or ethyl alcohol, less easily in dry acetone or chloroform, and 
difficultly in benzene. The hydrate dissolves rather sparingly in cold 
water, readily on heating and yields a highly supersaturated solution on 
cooling. Such a solution gives an oily precipitate on adding excess sodium 
hydroxide and evolves ammonia on boiling. 

Subs, (air dry), o 8849. loss, o. 104[ »n vacuo at 8o° over H|SO,. 

Calc, for C«H,i0*N<C1.3.5H,0 HjO, 12.03. Found: 11.77. 

Subs, (anhydrous), 0.1418: ij 3 cc. N (280° 762 mm.). Subs., 0.1457: 
6.07 cc. AgNOi soln. (1 cc. = 0.001812 g. Cl). 

Calc, for C u H,(0<K<CI. N, 12.17; Cl, 7.70. Found. N, 12.27; Cl, 7.55. 

(E) Quaternary Salts of Hydroquinine. 

Hydxoquinine Methiodide.—Equimolecular quantities of the base 1 
and methyl iodide in chloroform gave the salt in a yield of 78% of the 
theoretical amount, separation being completed with about two 
volumes of acetone. Recrystallized from absolute alcohol the 
methiodide forms faintly yellow prisms which are anhydrous when air- 
dry. It melts partially at about 170° and liquefies completely, with 
decomposition at 233-5®. («Jd 5 is—1 07. 6° in absolute alcohol, c = 0.855. 
The salt is somewhat soluble in cold water, more easily in alcohol, and 

composition. The iodn compound dissolves rather difficultly in boiling water or boiling 
acetone and very sparingly in chloroform. It is quite soluble in cold methyl alcohol, 
less readily in the cold in ethyl alcohol, but more freely on boiling. It dissolves in 
dilute alkali and does not seem to be as active an irritant as chloroacetylurea. 

Subs., 0.1510: (Kjeldahl) 18.6 oc. 0.0714 JVHCl, 

Calc, for C»H t O»N,I: N, 12.29. Found: 12.32. 

1 tier. pet. 252136) This Journal, 41,819 (1919). 
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readily in methyl alcohol or chloroform. Hesse 1 states that the meth- 
iodide crystallizes with one molecule of alcohol of crystallization and melts 
at 218 ° when dried. 

Subs . o 2086. Agl, o 1048 

Calc for CjiHsiOjNiI I, 27 10 Found. 27.15. 

Hydroquinine Methochloride.—The salt crystallizes from water as 
balls of hair-like needles containing 2 molecules of water of crystallization, 
as stated by Hesse. When rapidly heated to 155°, then slowly, the an¬ 
hydrous methochloride forms a paste at 157-9°, and on further heating 
finally becomes a yellow liquid filled with bubbles at 172-3°, Hesse 
gives the melting point as 168°. [a]o 5 in water is —162.9°, c = 1-470. 
The anhydrous salt also dissolves very easily in methyl or ethyl alcohol, 
less readily in dry acetone. 

Subs (anhydrous), a 2760 AgCl, o 1052 
Calc for ChHhOjXiCI Cl, 941 Found 945 

Hydroquinine Benzyl Chloride.—The components were boiled for 
about 15 hours in dry acetone. After long standing the acetone was 
boiled off and the dark residue taken up in dry methyl alcohol. The 
chloride crystallized rapidly on adding several volumes of dry ether and 
was recrystallized from water, separating slowly on seeding at room tem¬ 
perature as a crust of rhombs and prisms containing one molecule of water 
of crystallization. An additional quantity of equal purity was obtained 
by adding saturated sodium chloride solution to the aqueous mother 
liquor, letting stand, and washing the crystals with cold water. The 
total yield was 3 g., starting with 3.6 g. of the base. When rapidly heated 
to 200°, then slowly, the anhydrous chloride melts at 202-3.5° to a dark 
red, viscous liquid which soon decomposes. [a]o in water is —196.9°, 
c <= 0.787. It dissolves readily in methyl or ethyl alcohol or chloroform, 
less easily in dry acetone, and melts under hot benzene, dissolving with 
difficulty. The air-dry salt dissolves rather sparingly in cold water, 
quite readily on boiling, the solution having a weak, bitter taste. A not 
too dilute aqueous solution gives immediate precipitates of the nitrate 
and permanganate with the appropriate salts. Solutions in dil. sulfuric 
or nitric add have a marked blue fluorescence, while the solution in dil. 
hydrochloric add is pale yellow and does not fluoresce. 

Subs (air-dry), o 7928 loss, o 0281 in vacuo at 100° over H»SO« Subs , o 1258. 

7 to cc. N (25 5 ", 755 mm ) Subs , o 1520 (Kjeldahl, with IhSO,, K*SO<, and crystal 
of CuSOi) 8 8 cc. 0,0714 N HCI Subs , o 1203- j 1 cc AgNO» soln (1 cc. ■■ o 001794 

8 Cl). 

Calc, for CjtHmCANjCI HjO- HA 3.83; N, 5.95, Cl, 7 J.3- Found. HA, 3.54; 
N, 6.51, J 791 Cl, 7 61. 

Hydroqmnine Iodoacetamide.—Acetone was used as solvent aqd 
after several hours it was boiled riff and hot water added, the iodide crys- 

l A MM WI. (1887). 
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tallizmg on cooling and rubbing as prismatic plates. The yield was almost 
quantitative. Recrystallized from water the salt forms prismatic needles 
containing between 2.5 and 3 molecules of water of crystallization. The 
anhydrous salt gradually softens to a yellow jelly above 145 deepening 
in color as the temperature is raised, and becoming entirely fluid at about 
185°. [a}» ' in absolute alcohol is —121.5°, c = 0976. The dried salt 

also softens and dissolves readily in dry methyl or ethyl alcohol, dry ace¬ 
tone, or dry chloroform. 

Subs (air-dry), o 6120 loss, o 0534 tn vacuo at 100° over HjSO, 

Calc for CbH./I.NiI 2 ;H, 0 1 HjO, 8 10 Found 8 72 

Subs, (anhydrous), 020.39 Agl, 00933 

Calc for CflHjjOiNJ 1,2483 Found- 2472 

Hydroquinine Chloroacetamide.—Instead of adding sodium chloride 
to the filtrate from the silver iodide precipitate the solution was allowed 
to stand overnight, filtered from a small amount of a substance crystalliz¬ 
ing in silky needles, and the filtrate concentrated to dryness tn vacuo. 
The residue was taken up in absolute alcohol, concentrated to dryness 
tn vacuo, again taken up in absolute alcohol, filtered from a slight turbidity 
with the aid of boneblack, and concentrated as before, giving a friable, 
white, amorphous residue which could easily be removed from the flask. 
The dned salt turns yellow and softens at about 160-75° to a jelly which 
gradually darkens and liquefies completely with gas evolution at about 
195°. |a)o = —129.1° in water, c = 0852. The product is very easily 
soluble in acetone or chloroform and also dissolves readily in cold water. 
Subs (anhydrous), o 1356 met N (27 4°, 758 mm ) 

Subs., o 1451 6 92 cc AgNOj soln (1 cc » o 001812 g. Cl) 

Calc for CjjHjoOiNjCI N, 10 02, Cl, 8 45 Found N, 10 19, Cl, 8 64 

Hydroquinine Chloroacet-methylamide, CjoHuOiNj.CICHsCONH- 
CH*.—This salt was obtained directly from chloroacet-methylamide 1 
in boiling dry acetone. As the product could neither be crystallized nor 
converted into a crystalline bromide or hydrochloride it was precipitated 
with dry ether, dried in vacuo at room temperature over sulfuric acid, and 
pulverized. The salt intumesces at 110-20°, gradually melting above this 
to a glassy mass by the time 160° is reached, and forming a dark brown 
liquid at about 200 °. It dissolves readily in methyl or ethyl alcohol, 
acetone, chloroform, benzene, or water. 

Subs., 0.1340. 104 cc N (180°, 764 mm) 

Subs, 0.1165 5.09 cc AgNOjSoln (1 cc 0001794 g Cl) 

Calc, for C«H* 0 ,N,C 1 . N. 9 69. Cl, 8 17 Found- N. 9 16. Cl. 7 84 

Hydroquinine Chloroacet-ethyl&mide.—This salt was prepared in 
the same way, using chloroacet-ethylanude.* On adding dry ether the 
gummy material crystallized partially, but as the crystals softened to a 
1 This Journal, 41, 472 (19*9)- 
* J. Biol. Oum. .» ^ 
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gum on desiccation or air-drying, and as an attempt at recrystallization 
by dissolving in dry acetone and precipitating with dry ether proved no 
better, the substance was left in the crude state and dried in vacuo over 
sulfuric add. It melted to a yellowish jelly at no-35 0 , becoming com¬ 
pletely fluid at about 160 0 . In solubility it resembles the methyl com¬ 
pound. 

Subs., 0.1,680: 13.7 cc. N (23.0°, 751 mm.). Subs., 0.1561: AgCl, 0.0479. 

Calc, for CmHuOjNjCI: N, 9.39; Cl, 7.92 Found: N, 9.30; C, 7.59. 

Hydroquinine Chloroacet-dimethylamide, CjoHmOjNj.CICHiCON- 
(CHa)j.—An amorphous salt was obtained from chloroacet-dimethyl¬ 
amide, 1 melting partially and intumesdng at 130-40°, becoming trans¬ 
parent at about 180°, and liquefying completely at about 200°. It re¬ 
sembles the monomethyl and -ethyl derivatives in its solubility relation¬ 
ships. 

Subs., 0.1362- 10.4 cc. N (19.5 °, 765 mm ). 

Subs., 0.1797: 7.68 cc. AgNO, soln. (1 cc. = 0.001794 8- Cl). 

Calc, for C«Il,,OiN t Cl: N, 9.39; Cl, 7.92. Found: N, 8.97; Cl, 7.67. 

Hydroquinine Chloroacet-diethylamide, CmHmOiNj.CICHiCON- 
(CiHs)*.— 1.6 g. of chloroacet-diethylamide 4 were used. On adding 
ligroin until the initial turbidity just redissolved the chloride crystallized 
on standing as rosets of prismatic needles, precipitation being completed 
by the addition of more ligroin and letting stand. The yield was 3.5 g. 
On dissolving in not too little dry chloroform and treating cautiously with 
ligroin, seeding, and adding more ligroin from time to time the salt forms 
minute prisms containing solvent approximately equivalent to one mole¬ 
cule of water of crystallization. The anhydrous salt darkens somewhat 
above 205° and melts and decomposes at 209-io°. [a )d * = —84.8° 
in water, c = 0.854. It dissolves readily at room temperature in water, 
methyl or ethyl alcohol, or chloroform, sparingly in cold acetone, more 
easily on heating, and is almost insoluble in benzene. It has a sharp, 
bitter taste. 

Subs, (air-dry), 0.6028; loss, 0.0182 in vacuo at 80' over HtSO,. 

Calc, for C«H»tOiNiCl.H« 0 : HiO, 3.65. Found: 3.02. 

Subs, (anhydrous), 0.1226: 10.0 cc. N (30.0", 757 mm.), Subs., 0.1247; S-*S 
cc. AgNO, soln. (1 cc. = 0.00181 g. Cl). 

Calc, for C»Hj| 0 ,N’iCl N, 8.84; Cl, 7 45- Found: N, 9.16; Cl, 7.48. 

Hydroquinine Chloroacetyl-benzylamine, CjoHmOjNj.CICHjCONH- 
CHjCsHr—Starting with chloroacetyl-benzylamine’ in dry acetone the 
salt crystallized from tbe reaction mixture. Recrystallized from butyl 
alcohol 4 the chloride separates as delicate, glistening needles. The. «n- 

1 J. Bid. Cham., 2i, 148 (1915). 

*Hidat, 149 Os>i5)- 

* Ibid., 20, 686 (1915). 

* We have found commercial butyl alcohol to be a very useful solvent. 
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hydrous salt melts at 197-8 0 to an orange liquid containing bubbles. 
[a]r? in water is —42.5°, c « 0670. The compound dissolves fairly 
readily in water, easily in methyl or ethyl alcohol, or chloroform. A 
dilute aqueous solution gives a precipitate with sodium hydroxide. 

Subs , • 1409* 10 2 cc. N (23 o', 744 mm ) Subs , o 1697 645 cc AgNO» join 
(1 oc. — 000181 g Cl). 

Calc for Ci»H m OjN,C 1 N, 8 29, Cl 6 99 Found N, 8 18, Cl, 6 88 
Hydroquinine Chloroacetanilide.—On adding hot water to the residue 
after boiling off the acetone the crude product separated at first oily 
on cooling but soon crystallized in almost quantitatn e yield Recrystal- 
lized from 50% alcohol the chloride forms resets of delicate needles con¬ 
taining 3 molecules of water of crystallization When anhydrous it softens 
to an orange jelly at 160-70°, liquefying completely at about 210° with 
darkening and slow gas evolution = —95 9 0 in absolute alcohol, 

c «= o 824. It dissolves readily m methyl or ethyl alcohol, acetone, chloro¬ 
form, or benzene, and only sparingly in dry' ether The hydrate is diffi¬ 
cultly soluble in cold water, more readily on heating, and is rather sparingly 
soluble in cold 50% alcohol It dissolves m 10% aqueous hydrochloric 
add, the hydrochloride soon separating as sheaves of minute needles 
Subs (air dry), o 5450 loss, o 05 !4 m vacuo at 100 0 over HjSO, 

Calc for C,iH«OiNiCl 3H1O HjO. 9 83 Found 9 80 

Subs (anhydrous), 01469 nocc N (260°, 762 mm) Subs, 01556 AgCl, 

00443 

Calc for C„H„ChN,ei N, 8 48, Cl, 7 15 Found N. 8 58, Cl, 7 05 
Hydroquinine Acetanilide Dinitrate, QoHmOjNj OjNCHjCONHQH*.- 
HNOa —One g. of hydroquinine chloroacetanilide was dissolved in about 
100 cc of boiling water, and a few drops of dii nitnc acid added on cooling. 
The solution was chilled, acidified strongly with dil mtnc acid and rubbed, 
0.6 g. of the dinitrate separating as long, delicate needles The salt was 
washed with a little ice-cold water and air-dned, containing then approxi¬ 
mately 2 molecules of water of crystallization When heated the anhy¬ 
drous salt melts to a jelly at about 145-50° with slight preliminary soften¬ 
ing, then darkens and intumesces It softens under the usual anhydrous 
solvents, dissolving readily in dry' methyl or ethyl alcohol or dry acetone, 
sparingly in dry chloroform, even on boiling, and is practically insoluble 
in boiling benzene. The hydrate dissolves very sparingly' in cold water, 
fairly readily on boiling, with a faint greenish yellow color 

Subs (air-dry), o 5877 loss, o 0317 vacuo at room temp over HaSO< 4 - NaOH 
Calc for CuH«OtNi NO, HNOi jHiO ■ H« 0 , 580 Found 539 
Sub* (Anhydrous), o 1263 13 4 cc N (23 0°. 755 mm ). 

Calc, for CmH« 0 »N».N 0 i HNO, N, 11 97 Found. 12 14. 

Hydroquinine m-Hitro-cbloroacetanilide.—The gelatinous reaction 
mixture was disintegrated with hot water and let stand. The resulting 
precipitate, recrystallized first from 25%, then from 50% ateohoi!, separated 
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as pale drab-colored, minute needles which contained approximately a 
molecules of water of crystallization. When slowly heated, the anhydrous 
salt begins to soften at 150°, gradually melting to a brownish jelly up to 
160 0 , and liquefying completely and decomposing at 195-200°. It 
softens under and dissolves readily with a pale yellow color in dry methyl 
or ethyl alcohol, dry acetone, dry chloroform, or ethyl acetate, dissolving 
sparingly in cold benzene and readily on boiling. The hydrate is quite 
difficultly soluble in cold water, more easily on boiling. An aqueous sus¬ 
pension turns bright yellow and flocculates with a few drops of aqueous 
sodium hydroxide. 

Subs, (air-dry), 05443: loss, 00374 in vacuo at 100 0 over H»SO, 

Calc for CnHnOtNjCl 2H/) HjO, 6 25 Found 6 87 

Subs, (anhydrous), 0.1279. 12 o cc. N (24 o°, 759 mm.) Subs , o 1173: 4.05 cc 
AgNO> soln. (1 cc = o 001794 g Cl) 

Calc, for C t jHaOtN<Cl: N, 10 36; Cl, 6 56. Found- N, 10 77; Cl, 6 19. 

Hydroquinine m-Chloroacetylamino-acetanilide, CmHmOjNj.CICHj- 
CONHC«H«NHCOCHj(im-).—S tarting with m-ehloroacetylamino-aeet- 
anilide, 1 a gummy quaternary salt separated, from which the acetone was 
eventually poured off and the residue boiled with dry methyl ethyl ketone. 
The gum which separated on cooling was filtered off and on letting stand 
and rubbing the chloride separated from the filtrate as practically colorless, 
radiating masses of minute crystals. A further quantity was obtained by 
again extracting the crude gummy material with the filtrate. The air- 
dry salt contained solvent of crystallization corresponding to 3 to 3.5 
molecules of water. When heated the anhydrous salt gradually melts to 
an orange mass above 150°, with slow gas evolution, becoming completely 
fluid at about 205-10 °. It first softens under, and then dissolves freely 
in dry methyl or ethyl alcohol, also dissolves readily in chloroform, and is 
very difficultly soluble in boiling dry acetone, benzene, or ethyl acetate. 
Subs (air-dry), o 4457 loss, o 0432 in vacuo at 80" over H»SO, 

Calc, for Cj^TOtNjCl 3 HjO HiO, 891 Found: 9.69. 

Subs, (anhydrous), 01309: 11 25 cc. N (2i.s°, 7.55 mm) Subs., 01413: 4.92 
cc. AgNOj soln. (1 cc = o 001794 g Cl) 

Calc, for CjoH it O»>, t <C 1 : N, 10.13; Cl, 6 41. Found: N, 9 90, Cl, 6.25. 

Hydroquinine p-Chloroacetylamino-acetanilide.—In the case of the 
sparingly soluble p-chloroacetylamino - acetanilide 2 absolute alcohol was 
used as solvent. After letting stand in the cold the insoluble material 
was filtered off, and the filtrate concentrated to small bulk. The residue 
was taken up in boiling water, treated with boneblack and the filtrate 
cooled, diluting so that it became only faintly turbid at room tempera¬ 
ture. After filtering again the solution was seeded with crystals obtained 
by adding sodium chloride to a test portion. The crude quaternary salt 
1 This Jocmcal, 39, 1448 (1917)* 

'Ibid., 39, 1455 (1917). 
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was recrystalh’zed from water, separating as resets and sheaves of delicate, 
silky needles. Additional amounts were obtained by adding sodium 
chloride to the mother liquors. The air-dry salt contains 3 molecules of 
water of crystallization and dissolves sparingly in cold water, more easily 
on heating. The anhydrous chloride begins to soften at about 160° 
and darkens and becomes completely fluid, with slow gas evolution, at 
about 205 °. It dissolves readily in methyl or ethyl alcohol, acetone, or 
chloroform, and only sparingly in boiling benzene or ethyl acetate. Anal¬ 
ysis indicated that the substance was not entirely pure. 

Subs (air-dry), 05336' loss, 00477 »n vacuo at room temp over HjSO, 

Calc for CmHjtCLNiCI 3H1O HjO, 8 91 Found 8 94 

Subs, (anhydrous), o 1403 uocc N (22 0°, 751 mm ) Subs , o 1260 40 cc 
AgNOi soln (1 cc *■ 0.001794 g Cl) 

Calc for Ci»Hij04N,C1 N io 13; Cl. 6 41 Found. N, 9 79; Cl, 5 70 

Hydroquinine p-Chloroacetylamino-dimethylaniline, CaiHaANj.Cl- 
CH{CONHC # H t N(CHi) ; (/’- ).—After boiling off the acetone the residue, 
using 3.5 g. of base, was taken up in about 500 cc. of boiling water and 
treated with boneblack, yielding 4 3 g. oi the crystalline salt on cooling. 
Recrystallized from 50% alcohol it separates as aggregates of minute, 
cream-colored needles containing 2.5 molecules of water of crystallization 
and dissolving very difficultly in cold water, quite easily on boiling. An 
aqueous suspension gives a brownish rose color with ferric chloride. The 
anhydrous salt gradually melts to a jelly at about 165 °, becoming completely 
fluid, with partial decomposition at about 200°. [a]j" s — —82.9° 

in absolute alcohol, c — 1-037. it softens under and dissolves freely in 
dry methyl or ethyl alcohol, dry acetone, or dry chloroform. 

Subs, (air-dry), 05172. loss, 00407 »'n tocuo first at room temp, then 80” 
over HjSOt. 

Calc, for CiuHi,OiN ( C1.35HiO H> 0 , 7 72 Found. 7 87 

Subs (anhydrous), o 1185' 1040c N (20 5®, 763 mm 1 Subs , o 1196: 4 2 cc. 
AgNOisdn (1 cc * o 001794 g. Cll 

Calc for C«Jt»*OiN,Cl N, 10 39, Cl, 6.58 Found- N, 10 25; Cl, 6.30 

Hydroquinine p-Chloroacetylamino-diethylaniline.—In the case of 
p-chloroacetylamino-dietliylaniline 1 the reaction mixture was diluted with 
dry acetone and the salt precipitated as amorphous flocks with the aid of 
dry ether. The product was filtered off, washed with a little dry ether, 
dried, and then dissolved in hot ethyl acetate and seeded while still warm 
with a few of the crystals left in the reaction flask on evaporation of the 
solvent. On letting stand in a warm place the salt separated slowly as 
sheaves of delicate needles. The air dry product still possessed the odor 
of ethyl acetate. The anhydrous salt begins to soften at about 150°, 
and when slowly heated above this point forms a transparent jelly at 
1 65-70°, and a red fluid at 190-5°, with slight gas evolution, [cj}d =* 

1 /, Bio?. Chem., tx, uj (1913). 
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—80.5° in absolute alcohol, c = 1.118. It dissolves readily in methyl 
or ethyl alcohol, acetone, chloroform, or benzene, and also in boiling ethyl 
acetate, although sparingly in the cold. It is very difficultly soluble in 
cold water, more easily on boiling. An aqueous suspension gives a slowly- 
developing salmon color with ferric chloride. 

Subs (anhydrous), 01277- u o ec N (205*, 757 mm) Subs, 01034: 3.64 
ec. AgNOj sotn (1 cc = 0.001794 g Cl). 

Calc for CnHuOiN.Cl: N, 9 89, Cl, 6 26 Found N, 9 99, Cl, 6 3a. 

Hydroquinine o-Chloroacetylamino-phenoI.—To the reaction mixture 
from o-chloroacetylamino-phenol, 1 a few cc. of absolute alcohol were added 
and then dry ether and ligroin to incipient turbidity. The quaternary 
salt crystallized on rubbing and letting stand. Recrystallized by dissolving 
in hot absolute alcohol and adding dry ether until just turbid, it separated 
on seeding as rosets of long, flat platelets containing solvent equivalent 
to 1.5 molecules of water of crystallization. It dissolves sparingly in cold 
water, more freely on heating, separating as a jelly on cooling. The 
anhydrous salt gradually melts to a jelly above 155 finally reddens, and 
becomes completely fluid and evolves gas at 185 °. It dissolves very easily 
in dry methyl alcohol and less readily in absolute alcohol or dry acetone. 
An alkaline suspension couples with diazotized sulfanilic acid. 

Subs, (air-dry), o 5750 loss, o 0308 »n vacuo at 100° over HiSO, 

Calc, far C«H M 0 4 N,C 1 1 sHjO HjO, 5 01 Found 5 36 

Subs (anhydrous), o 1449 103500 N (205 0 , 75R mm ) Subs, 01579 AgCl, 
0.0469 

Calc for CmHmCLNjCI N, 8.21, Cl, 6 93 Found N, 829,01, 754 

Hydroquinine m-Chloroacetylamino-phenol.—Starting with 1.9 g. 
of m chloroacetylamino phenol 1 45 g. of the salt crystallized from the 
reaction mixture as hard nodules. Recrystallized from not too little 
50% alcohol, seeding and rubbing while still warm, the chloride separates 
as cream-colored aggregates of microscopic leaflets containing 3 molecules 
of water of crystallization. If care is not taken the solution gelatinizes. 
The anhydrous salt softens and sinters above 160°, melts to a reddish jelly 
at about 180-5 °> and is completely fluid, with slow gas evolution, at about 
205°. [aJn = —115.7 0 in absolute alcohol, c = 0.800. It first softens 
under, then resolidifies, dissolving freely, in absolute alcohol or dry methyl 
alcohol, also softening under boiling dry acetone and dissolving with diffi¬ 
culty. The salt is very difficultly soluble in cold water, more easily on 
boiling, and is readily soluble in hot 50% alcohol, quite sparingly in the 
cold. 

Subs, (air-dry), 0.5070: loss, o0489 in vacuo at 80° over HtSO*, 

Oak. for QnHMOtNiCI 3H1O HtO, 9 56 Found: 9.64. 

1 This Journal, 41,458 («9i9>. 

* M*., 99, 1443 («9«7) 
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Saba, (anhydrous), 0.1362: 9 55 cc N (16 o’, 754 mm.). Subs., 0.1335: AgCl, 
0.0409. 

Calc, for C«Hm 04 NiC 1. N, 821; Cl, 693 Found. N, 857; Cl, 6.59. 

The Hydrochloride.— The purified salt was rubbed in a mortar with 
1 : 1 hydrochloric add, yielding a pasty mass which eventually crys¬ 
tallized. Recrystallized from hot water containing a little hydrochloric 
add it separates on cooling and seeding as cream-colored prismatic 
and short rods, separation being completed by further small additions of 
10 % hydrochloric add. The hydrochloride contains 4.5 molecules of 
water of crystallization and dissolves fairly readily in water The anhy¬ 
drous salt is a pale sulfur-yellow and forms an orange jelly at 195-7°, 
melting and evolving gas at about 200°. It dissolves readily in methyl 
or ethyl alcohol and is practically insoluble in dry acetone. It does not 
dissolve in excess dil. alkali, the suspension coupling with diazotized sul- 
fanilic add. 

Subs (air-dry), o 5030 loss, o 0650 

Calc, for Cf(HuO«NaCl HC1 4 jHaO H,0 >2 88 Found: 12 92 

Subs (anhydrous), 01654 AgCl, 00860 

Calc, for CaHMOaN.Cl.HCl Cl. 12 93 Found 1286. 

Hydroquinine p-Chloroacetylamino-phenoI Hydrochloride.—In the 
case of p-chloroacetylamino-phenol’ a portion of the quaternary addition 
product separated as a gum, followed on standing by radiating masses of 
fibrous needles and the ultimate crystallization of the gum. As the salt 
could not be recrystallized it was converted into the hydrochloride by 
dissolving in a slight excess of very dilute hydrochloric add, adding the 
cone, add, with cooling, until slightly turbid, treating with boneblack, 
and again adding cone, hydrochloric add to the filtrate until the initial 
turbidity just redissolved The hydrochloride separated on seeding 
with crystals obtained from a test portion, predpitation being completed 
by the further careful addition of cone, hydrochloric add. Recrystallized 
from warm water, adding cone, hydrodiloric add to the cooled solution 
until just turbid, the hydrochloride crystallized as cream-colored resets of 
prismatic needles containing 4.5 molecules of water of crystallization, 
completing the separation as before The yield was 7.2 g. The salt 
dissolves fairly readily in water at room temperature and is readily 
salted out by the addition of hydrochloric add. An aqueous solution 
gives a dull, grayish color with ferric chloride. The anhydrous salt is 
darker than the hydrate and when rapidly heated to 195° then slowly, 
melts at 196-7' to a red-brown jelly which soon evolves gas. It turns 
gummy under dry methyl or ethyl alcohol, dissolving readily, and also 
softens under dry chloroform but remains insoluble. It is also practically 
insoluble in dry acetone. 

l L»t at. 
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Subs, (air-dry), 0.4937: loss, 0.0632. 

Calc, for CttH«0 4 NjCl.HC1.4.sHiO: HiO, 1288. Found: 12.80. 

Subs, (anhydrous), 0.1414: 9.4 cc. N (24.5 0 , 759 mm.). Subs., 0.1744: AgCl, 
0,0907. 

Calc, for C„HmO,N s C1.HC1: N, 7.67; Cl, 12.93. Found: N. 7 62; Cl. 12.86. 

Hydroquinine 4-Chloroacetylamino-pyrocatechol Hydrochloride, 

C m H*O,N 2 .C1CH 2 CONHCsH,( 0H) 1 .HCI(3,4-).—After pouring off the 
acetone from the gummy precipitate in the case of 4-chloroacetylamino- 
pyrocatechol 1 10% aqueous hydrochloric acid was added, as well as a 
little alcohol to facilitate solution. On cautiously adding further portions 
of hydrochloric acid and treating with boneblack to remove the first 
gummy precipitates a clear, red-brown solution was finally obtained. This 
was seeded with crystals obtained by rubbing a portion of the crude gummy 
salt with 1 : 1 hydrochloric add and letting stand. The hydrochloride 
separated in poor yield as pale yellow needles containing 4.5 molecules of 
water of crystallization, preripitation being completed by finally adding 
more acid. The salt dissolves in water, the solution giving an olive-green 
color with ferric chloride, changing rapidly to vcllow-brown. An aqueous 
solution gave a predpitate with sodium hydroxide, insoluble in excess. 
When rapidly heated to 195 then slowly, the anhydrous hydrochloride 
melts to a jelly at 196-8 gradually decomposing as the temperature is 
further raised. It dissolves readily in methyl alcohol, more slowly in 
absolute alcohol, and is practically insoluble in dry acetone or dry chloro¬ 
form. 

Sobs, (air-dry), 0.4249: loss, 0.0530. 

Calc, for C,»H«0,N,Cl.Ha.4sHiO: HA 12.57. Found: 12.48. 

Sabs, (anhydrous), 0.1176: 7,4 cc. N (21.5 0 , 767 mm). Subs., 0.1758: AgCl. 
0.0877. 

Calc, for C 2 AmOiNjC 1 .HC 1 ' N, 7.45; Cl, 1257 Found: N, 7.36; Cl, 12.34. 

Hydroquinine Chloroacetyl-o-anisidine.—Starting with 4 g. of cbloro- 
acetyl-o-anisidine, * 7 g. of the crude quaternary salt were finally deposited 
from the ice-cold solution on seeding with crystals obtained by spontaneous 
evaporation. The substance was recrystallized from butyl alcohol, letting 
stand in the ice box, and seeding, 6.4 g. separating as radiating, hair¬ 
like needles. The anhydrous compound gradually sinters and softens to 
a jelly above iio°, turns yellow above 150°, and is completely fluid at 
about 185°. [«]” = — 72 5 0 in absolute alcohol, c = 0.904. It softens 

under and dissolves readily in dry methyl or ethyl alcohol, dry chloroform, 
or dry acetone, dissolves less readily in benzene, and gives a pale yellow 
color in cone, sulfuric add. The air-dry salt dissolves slowly but freely 
in water. 

1 This Journal, 41,468 (1919). 

•Ibid., 41, 1451 (1919)' 
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Subs, (anhydrous), 0.1268. 9.2 cc. N (29.5°, 755 mm.). Subs., 0.1337: 3.07 
cc, AgNOi soln. (1 cc. = 0.00181 g. Cl). 

Calc, for CwH m O<NiC 1 : N, 7.99; Cl, 6.75. Found- N, 8.14; Cl, 6.87. 

Hydroquinine Chloroacetyl-m-anisidine.—(From 2 g. of chloroacetyl- 
m-anisidine. 1 ) The solvent was boiled off and the residue taken up in 
50% alcohol and cautiously diluted with hot water, filtering off the slight 
turbidity which first formed. On seeding the solution with crystals ob¬ 
tained by several days’ standing of a dilute solution of the crude material 
in hot water, the salt gradually crystallized, especially on the further addi¬ 
tion of small quantities of water and occasional wanning. Recrystallized 
by dissolving in alcohol, diluting with ether, and seeding, the quaternary 
salt separates as radiating aggregates of delicate needles containing solvent 
equivalent to 3 molecules of water of crystallization when air-dry. The 
anhydrous salt gradually sinters and softens above 140 0 and forms an 
orange fluid at about 190°. [a] 2 ,\ = —102.9° in absolute alcohol, c = 
1.292. It melts under and dissolves readily in the following dry solvents: 
methyl or ethyl alcohol, chloroform, acetone, or benzene; and dissolves 
partly in cold water, the solution foaming readily and soon setting to a 
jelly. It is readily soluble in boiling water. 

Subs, (air-dry), 072R9 loss, 00715 i« vacuo at So' over HjSO, 

Calc, for Ci»H m 0 4 NjCI 3II1O HtO, 9 32 Found 981 

Subs (anhydrous), 0.1489 10 5 cc N (25 5*, 760 mm ) Subs , o 1085 3 9 cc. 

AgNO> soln (1 cc « 0001794 g Cl) 

Calc for C-.HmO.NjCI N, 7 99. Cl. 675 Found N, 8 07, Cl, 6.45 

The Hydrochloride. —3.5 g. of the quaternary' salt were dissolved in 
absolute alcohol containing an excess of dry hydrochloric acid and treated 
with dry ether until a faint turbidity persisted. On rubbing and letting 
stand 3.2 g. of the hydrochloride separated slowly as pale yellow, radiating 
aggregates of rhombic crystals. When rapidly heated to 165°, then slowly, 
the salt begins to soften, and melts at 170-1 0 with gas evolution. It dis¬ 
solves readily in methyl alcohol or chloroform, less easily in absolute al¬ 
cohol, and only sparingly in hot, dry acetone, the insoluble portion chang¬ 
ing to a gummy mass. As obtained above the hydrochloride apparently 
retains 2 molecules of water of crystallization. An attempt to drive this 
off at 80 0 in vacuo, resulted in the loss of hydrochloric add. 

$ubs., o 1487: 9.0 cc. N (22 5 0 , 765 mm) Subs., 0.1201: 7.92 cc. AgNOi soln. 
(1 cc. — 0.001794 8- Cl). 

Calc, for C»Hm()<N|C 1 HCl.-’HjO. N, 7.03; Cl, 11.85. Found: N, 7.05; Cl, 
11 83. 

Hydroquinine Chloroacetyl-p-anisidine. —After boiling off the acetone 
the residue was taken up in hot commerdai butyl alcohol. The filtrate 
deposited radiating masses of delicate needles and the separation was 
completed by the cautious additon of dry ether. The salt was recrystal- 
1 This Journal, 41, 1452 (1919). 
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lized by dissolving in dry acetone, adding ligroin until the initial turbidity 
just dissolved, and seeding. When air-dry it retained an amount of ad¬ 
vent equivalent to between i and i .5 molecules of water of crystallization. 
The anhydrous salt gradually softens to a jelly above 150® and is completely 
fluid at about 190 6 . [a]” = —93-9° in absolute alcohol, c ■* 1.128. 

The salt dissolves very readily in methyl or ethyl alcohol or chloroform, 
somewhat less easily in dry acetone, and very sparingly in dry ether. It is 
difficultly soluble in cold water or benzene, readily on boiling, and separates 
from the former as a jelly on cooling. It dissolves in cone, sulfuric add 
with a dull yellow color. 

Subs, (anhydrous), 0.1424 100 cc N (185°, 745 mm.) Subs. 01461. 520 
cc. AgNOi soln (1 cc = 000181 g Cl) 

Calc, for C«HmO,N,CI- N, 799; Cl, 6 73 Found N, 806; Cl, 6.45 

The Hydrochloride.—The quaternary salt was dissolved in a small 
volume of absolute alcohol, treated with absolute alcoholic hydrochloric 
add, and seeded with crystals obtained by manipulating a test portion 
with dry ether. The hydrochloride separated rapidly on rubbing as thick, 
yellow, hexagonal, microscopic plates. When rapidly heated to 180°, 
then slowly, the substance melts at 180-4 0 to an orange mass containing 
bubbles and becomes completely fluid and decomposes at about 190° 
It is rather sparingly soluble in the cold in absolute alcohol, easily on warm 
ing, and dissolves readily in dry methyl alcohol. The aqueous solution 
foams readily. 

Subs., 0.1051: 740 cc. AgNOi soln. (1 cc * 0.0017942 Cl). 

Calc, for CmHmOiNiCI.HCI: Cl, J2.61. Found: Jl.64. 

Hydroquinine Chloroacetyl-o-phenetidine, CmHmOjNj.CICHjCONH- 
CtHjOCtH^o-).—In the case of chloroacetyl-o-phenctidine 1 the acetone 
was boiled off and the residue taken up in boiling water and treated with 
boneblack. As the salt separated from the filtrate as an oil on rapid chilling 
it was necessary to cool slowly and seed with crystals obtained by adding 
sodium chloride to a diluted test portion. Recrystallized from water it 
separates very slowly cm seeding as resets and sheaves of delicate needle^ 
containing 2.5 molecules of water of crystallization. Additional quail 
tities were recovered by treating the mother liquors carefully with saturated 
salt solution. The anhydrous salt softens above 125 °, forms a transparent 
jelly at about 140° and a yellow fluid at 170-2°. It dissolves readily m 
methyl or ethyl alcohol, chloroform, or acetone, and only very sparingly 
in dry ether. 

Sub®, (air-dry), 0.7096: loss, 0.0573 w» vacuo at room temp, over HjSOj. 

Calc, for C»HuO»N,CI.2.5HiO: HjO, 7.70. Found: 8.08. 

Subs, (anhydrous), 0.1531: n.o cc. N (23.3°, 744 mm ). Sub*.,0.1317:4,4s re 
AgNOi soln. (1 cc. - 0.001794 g. Cl). 

Calc, for CisHnOiNiCl: N, 7 79; Cl, 6.57 Found: N, 8.io; Cl, 6.07 

1 Tms Journal, 41, 1452 (1919) 
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Hydroquinine Chloroacetyl-m-phenetidine Hydrochloride.—(From 2.2 
g, of chloroacetyl-w-phenetidine ’) As the quaternary salt itself could 
not be obtained crystalline the acetone was boiled off and the residue taken 
up in absolute alcohol and treated with an excess of absolute alcoholic hy¬ 
drochloric add. The salt crystallized after adding dry ether to incipient 
turbidity and rubbing. The supernatant solution was then decanted off 
and the predpitate washed twice by decantation with dry alcohol-ether 
mixture containing a little hydrochloric acid. After dissolving the residue 
in boiling absolute alcohol, filtering hot from traces of impurities and adding 
a little absolute alcoholic, hydrochloric and, the salt separated when 
seeded as lemon-yellow, rhombic crystals, which are hygroscopic when 
moist. 4.2 g. were obtained, melting at 173-4° with preliminary sintering 
and softening As so obtained the hydrochloride apparently retamed 
2 molecules of water of crystallization or one molecule of alcohol It dis¬ 
solves readily in water, a concentrated solution soon setting to a jelly 
It also dissolves readily in chloroform and lightens in color and turns pasty 
under boiling dry acetone, possibly owing to dehydration It dissolves 
sparingly in cold absolute alcohol, more easily on warming 

bubs. o 1428 8 ) cc N (22 0°, 77? mm ) Subs, o 1261 8 >5 cc AgNO* sota 
(1 cc » 0001794 S Cl) 

Calc for C„H,«04N,C1 HC 1 jH.O N, 687 Cl, 115S Found N, 685, Cl, 
11 60. 

Hydroquinine Chloroacetyl-p-phenetidine.—After removing the ace¬ 
tone the residue was taken up m boiling water, treated with boneblack, 
and the filtrate seeded with crystals obtained bv slow, spontaneous evapora¬ 
tion of a test portion of the original solution. The salt was reaystalhzed 
from water, forming sheaves of delicate needles containing 2 5 molecules 
of water of crystallization, dissolving with difficulty in water, and giving 
[“Id 5 =• —89.1° in 95% alcohol, c = 1 035 The anhydrous salt softens 
slightly above 1 io°, sinters to a jelly at 150-60°, turns yellow, slowly evolve 
gas, and becomes more fluid as the temperature is further raised, and is 
completely molten at 210°. It is very easily soluble m absolute alcohol, 
acetone, chloroform, or benzene, and only difficultly in dry ether It 
gives a straw-yellow solution in cone sulfuric acid. 

Subs (air-dry), 04068 loss, 00297 in vacuo at 80° over H»SO« 

Cate, for CmHuO^N’iCl 2 jH ,0 H> 0 , 7 70 Found 7 30 

Subs, (anhydrous), o 1229 8 85 oc N (29 5°, 759 mm ) Subs , o 1507 5 62 cc 

AgNOj sotn (1 cc — 000181 g Cl) 

Cate for CmHmO«N|C 1 . N, 7 79, Cl, 6 57 Found N, 8 11, Cl, 6 75 

Hydroquinine 4-Chloroacetylamino-guaiacol, C»HkCV\ t ,.4,5-HO- 
(CH* 0 )Cyj*NHC 0 CHjCl.—In the case of 4-chloroacetylamino-guaiacd 1 
the acetone was poured off from the gummy product and this taken up 
1 This Journal, 41,1452 (1919) 

'41. H 57 (» 9 i 9 ) 
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in a relatively large volume of boiling water and treated with bone black. 
The practically colorless filtrate gradually darkened on standing, depositing 
the salt at the same time from the still warm solution as delicate, felted, 
almost colorless needles containing 2 molecules of water of crystallization. 
It is very difficultly soluble in cold water, fairly readily on boiling, and, 
judging by the low halogen figure obtained on analysis, appears to be some¬ 
what hydrolyzed by this method of crystallization. An aqueous suspen¬ 
sion gives a slowly developing orange color with ferric chloride. The 
anhydrous salt forms a brown jelly above 160°, becomes semifluid at 
about 190°, and is completely fluid and partially decomposed at 215 0 . 
It dissolves readily in methyl or ethyl alcohol or chloroform, and is diffi¬ 
cultly soluble in boiling dry' acetone, almost insoluble in boiling benzene 
It dissolves in cone, sulfuric acid with a pale greenish yellow color. 

Subs (’air-dry), o 6924 loss, 00444 ,n vacuo at 8o° over HjSO« 

Calc for C»jH,« 0 ( NiC 1 2H,0. HiO, 624 Found 643 

Subs (anhydrous), o 1269 86 cc N (22 0°. 757 mm) Subs , o 1833 AgCl, 

00415. 

Calc for C;,H*( ) k N,Cl N. 7 76, Cl. 655 Found N, 7 81, Cl, 561 

Hydroquinine 34-Methylenediory-chloroacetanilide, CkiH m OjNj.- 
j^-CHiOaCsHjNHCOCHjCl.—Starting with 22 g. of 3,4-methylene - 
dioxy-chloroacetanilide 1 the reaction mixture deposited the crystalline 
salt on standing. Recrystallized from dry methyl ethyl ketone it separated 
as sheaves of long, delicate needles. These were wanned slightly and 
evacuated to remove adhering solvent and allowed to come to equilibrium 
in the air, retaining one molecule of water of crystallization or its equivalent 
The yield was 1.5 g. The salt dissolves appreciably in cold water, quite 
readily on boiling, the solution forming a jelly on cooling and depositing 
a portion of the substance on standing as rosets of delicate needles. The 
anhydrous salt gradually melts, with slight preliminary softening, above 
155-60°, turning orange and slowly evolving gas, and becoming com 
pletely fluid at 185°. It dissolves readily in methyl or ethyl alcohol, or 
chloroform, less easily in dry acetone. It gives a lemon-yellow color with 
cone, sulfuric add. 

Subs (air-dry), o 5956 loss, o 019'i in vacuo at 80° over HtSO< 

Calc for ChHmOiNiO HjO HiO, 3 23. Found. 3.29 

Subs, (anhydrous), 01275 8 6 cc N (200", 757 mm). Subs, 0.1537: AgCI, 

0.0398 

Calc for ChHmOjNjCI N, 7 79, Cl, 6 57 Found. N, 7 83: Cl, 645. 

Hydxoquimne 34-Dime thoiy-chloroacetanilide.— (From 2.3 g. of 
3,4-dimethoxy-chloroacetaniHde. *) The salt crystallized on standing and 
was dissolved in hot, dry acetone, filtered with the aid of boneWack, 
and the filtrate cautiously treated with ligroin, shaking to redissolve 

1 Tins Journal, 41, 1457 (1919). 

* Ibid., 41, 1461 (1919) 
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the gelatinous precipitate first formed. On seeding and letting stand over¬ 
night the salt separated as masses of hair-like needles and diamond-shaped 
plates containing solvent of crystallization. The yield was 3.1 g., an addi¬ 
tional quantity, though less pure, separating from the mother liquors on 
standing. The anhydrous salt gradually softens and melts above 130° 
with gas evolution, becoming transparent at about 175° and completely 
fluid with decomposition at 205-10°. It softens under and dissolves readily 
in dry methyl or ethyl alcohol, dry chloroform, less readily, but freely in 
dry acetone. It is difficultly soluble in cold water, readily on heating, the 
solution gelatinizing on cooling. It dissolves with a yellow color in dil. 
hydrochloric or cone, sulfuric acid. 

Subs, (anhydrous), 0.1347 . 9 4 cc. N (21.0 0 , 765 111m ). Subs , 0.1237: 4 35 cc 
AgNO, (1 cc. “ o 001794 S- Cl). 

Calc for CioHjjOjNjCI N, 7 57; Cl, 6 38 Found. N, 8.16; Cl, 6 17. 

Hydroquinine m-Chloroacetylamino-benzenesulfonamide, CjoH^eOjNa.- 
ClCHjCONHC«H.iSOiNHj(>M-).—Using m - chloroacetylamino - benzene- 
sulfonamide 1 the reaction mixture deposited a portion of the quaternary 
salt as a gum. This was dissolved by adding ',»volumeof absolute alcohol, 
after which the salt soon began to separate. Recrystallized from dry 
methyl alcohol it forms faintly pinkish, glistening, hexagonal platelets 
which gradually soften to a jelly above 180°, darkening, and finally 
decomposing slowly at 200-5 °. Aqueous suspensions dissolve on boiling 
or on adding dil. acid or alkali. The salt is difficultly soluble in cold 
dry methyl or ethyl alcohol, more easily on boiling, and is also somewhat 
soluble in boiling dry acetone and practically insoluble in boiling dry 
chloroform. 

Subs, (anhydrous), 0.0926: 8.0 cc. N (26.0°, 770 mm.). Subs., 0.1961: AgCt, 
0.0468. 

Calc, for Cj*H»OiN«C 1 S: N, 9.75; Cl, 6.1.7 Found: N, 9.99; Cl, 5.90. 

(F) Quaternary Salts of Hydroquinidine. 

Hydroquinidine Chloroacetamide.—Hydroquinidine iodoacetamide 
was prepared in almost quantitative yield by suspending the finely pul¬ 
verized base in hot acetone and adding one equivalent of iodoacetamide 
in small portions, the alkaloid going into solution as the reaction pro¬ 
ceeded- After boiling for a few moments the salt began to separate as 
glistening hexagonal plates and was converted into the chloride as were 
its previously discussed isomers and analogs. The chloride was salted out 
from the aqueous solution and recrystallized from a small volume of water, 
forming aggregates of minute leaflets containing 5 molecules of water of 
crystallization and dissolving readily in water at room temperature, rather 
sparingly at o°. The yield was about Vi the amount of quaternary iodide 
used. The anhydrous salt gradually softens up to 185° to a yellow jelly 

J Tms Journal, 39, 2+29 (1917)- 
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which becomes completely fluid and decomposes at aio°. [«]“ ” 
+179-9° in water, c = 1.078. It dissolves readily at room temperature 
in methyl or ethyl alcohol, chloroform or acetone, and less easily in benzene. 

Subs, (air-dry), 08437- loss, 0.1443 »'« vacuo at room temp, then at 80' over 

H&Ot 

Calc, fa- CnH >8 0 »NiCl sHjO HiO, 1767 Found 17 11 

Subs (anhydrous), 01305. 115 cc N (290*. 763 mm) Subs, 01572- 716 
cc. AfNOi soln (1 cc = 000181 g Cl) 

Calc, for CaHuOtNtCl N, 10 02, Cl, 8 45 Found N, 10 o; Cl, 8 25 

Hydroquinidine p-Chloroacetylamino-phenol,—A suspension of the 
components in dry acetone soon cleared on boiling and after */» hour the 
salt suddenly crystallized and the mixture was allowed to stand in a warm 
place for 4 hours The yield was 83% of the theoretical amount. Re¬ 
crystallized by dissolving in hot absolute alcohol, adding about 3 volumes 
of dry ether, and seeding, the salt forms rosets of delicate needles which 
darken and soften slightly when heated and melt only when kept in the 
bath at 285° for a few moments. It is very difficultly soluble in boiling 
water and practically insoluble in dry chloroform or acetone, but dissolves 
at room temperature in absolute alcohol, more easily in dry methyl alcohol. 

Subs 0.1129. 8.4 cc N (27 0°, 758 nun ) Subs , o <668 AgCl, 00460 
Calc for CnHwOtKiCl N, 8 21, Cl, 6 93 Found N, 8 45, Cl, 6.82 

The Hydrochloride. —The quaternary salt, rubbed under a small 
volume of io % hydrochloric add, formed a gummy mass which crystal¬ 
lized on standing. A solution of the salt in hot water containing a few 
drops of dil. hydrochloric add was cooled and treated with the cone, add 
until the initial turbidity barely redissolved on stirring. On seeding and 
letting stand in the cold the hydrochloride separated as faintly yellow, 
minute rhombs which ddiquesced rapidly in the warm, moist room. The 
dried salt does not have this objectionable property. It melts and de¬ 
composes at 245-50 0 with preliminary darkening and dissolves rather 
sparingly in cold water. It dissolves in dry methyl alcohol, sparingly in 
absolute alcohol, and is almost insoluble in boiling dry chloroform or ace¬ 
tone. 

Sub* 02039- AgO, 0.1050. 

Calc for CuHmOjNiCI HC 1 Cl, w 93 Found. 1274 

Hydroquinidine Chloroacetyl-p-anisidine.—This salt was prepared 
in the same way and in the same yield as hydroquinidine-p-chforoacetyl- 
amino-phenol. Recrystallized from 25% alcohol it forms rosets of flat, 
cream -colored prisms which melt and decompose at 260-5°. It dissolves 
in dry chloroform and appreciably in methyl alcohol. It b sparingly 
soluble in absolute alcohol, more easily on boiling, and only very diffi¬ 
cultly soluble in boiling water or dry acetone. It is optically inactive in 
dry chloroform, where e — 1.019. 
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Subs., o.iuo: S.o cc. N (26.0°, 765 mm.). Subs., 0.1209: 4.5 cc. AgNO, soln. 

(1 oc. = O.OOt$l g. Cl). 

Calc, for Cj.HnOtNjCl: N, 7-991 Cl, 6.75. Found: N, 8.28; Cl, 6.74. 

The Hydrochloride, —3 g. of the quaternary salt were dissolved in a 
few cc. of cone, hydrochloric acid and the solution then treated with small 
amounts of diy acetone, with shaking, until the volume was about 50 cc. 
On letting stand and rubbing occasionally the salt crystallized as faintly 
yellow, nacreous, rounded scales, crystallization being facilitated by the 
addition of more dry acetone and ether. The dried product, when rapidly 
heated to 195 0 , then slowly, melts and decomposes at 196-200°. It dis¬ 
solves readily in water, methyl or ethyl alcohol, less easily in dry chloro¬ 
form, and very difficulty in dry acetone. 

Subs., 0.1148: 7.64 cc. AgNO» soln. (i cc. = 0.00181 g. Cl). 

Calc, for C»HkO«NiC 1 .HC 1 : Cl, 12.61. Found: 1205. 

(G) Quaternary Salts of Hydrocupreine. 

Hydrocupreine Chioroacetanilide Hydrochloride.—As hydrocupreine 
showed only very little tendency to combine with chioroacetanilide in 
boiling dry acetone it was found necessary to use iodoacetanilide, com¬ 
bining the substances in hot alcoholic solution. As the iodide showed no 
tendency to crystallize the solution was diluted until just turbid and 
shaken with freshly precipitated silver chloride. Most of the alcohol was 
removed from the filtrate by concentration in vacuo and after dilution with 
hot water and treating with boneblack the dear ydlow filtrate was treated 
with saturated sodium chloride solution, pretipitating the chloride as an 
amorphous, ydlow solid. This was collected and rubbed up with cone, 
hydrochloric add, changing to a faintly yellow mass of spherules of micro¬ 
scopic needles, which were filtered off after dilution with a little more than 
an equal volume of water. When rapidly heated to 210°, then slowly, 
it melts and decomposes at 213-4 0 . It dissolves readily in dry methyl 
alcohol, less easily in cold water or absolute alcohol, and is almost insoluble 
in dry chloroform or acetone. 

Subs.. 0.1428: 10.0 cc. N (21.5 0 , 7J9 mm ). Subs., 0.1566: AgCl, 0.0888. 

Calc, lor CtrH|jOiNiCl.HCl: N, 8.u; Cl, 13 68. Found: N, 8.11; Cl, 14.03. 

Hydrocupreine Chloroacetyl-p-anisidine Hydrochloride.—3.3 g. of 
hydrocupreine, 2 g. of anhydrous sodium iodide, and 2 g. of chloroacetyl- 
p-anisidine were boiled for one hour in dry acetone. The base quickly 
dissolved and was replaced by a heavy precipitate of sodium chloride. 
The filtrate and washings were diluted with water and shaken for 45 min¬ 
utes with freshly precipitated silver chloride. After adding an excess of 
hydrochloric add to the filtrate it was concentrated to small bulk in vacuo, 
the lest portions of the salt separating as colorless, hair-like needles. After 
washing with a little 10% hydrochloric add the residue was ikied in vacuo, 
dissolved in boiling absolute alcohol containing a little dry hydrochloric 
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add, cooled, and seeded with crystals obtained by rubbing a portion of 
the crude salt with absolute alcohol. The pure salt forms radiating masses 
of minute, pale yellow needles, which, after drying as usual melt to an 
orange jelly at 203-5.5° and become completely fluid, with gas evolution 
and darkening, at about 210°. It dissolves easily in water or methyl al¬ 
cohol, slowly but freely in dry chloroform, and is appreriably soluble in 
absolute alcohol at room temperature, readily on warming. An aqueous 
solution gives a pale brownish color with ferric chloride. 

Subs, 01205 84 cc N (24 5°, 750 mm) Subs, 01088 7 8 cc AgNO» aoln- 
(1 cc- 0001794 g Cl) 

Calc, for C.iHuCVN^Cl HC 1 N, 7 67, Cl, 12 91 Found N, 7 89, Cl, 12 86 
(H) Quaternary Salts of Ethylhydrocupreine. 

Ethylhydrocupreine Methochloride.—The methiodide 1 in aqueous 
suspension, was quantitatively converted into the chloride in the usual 
manner. Recrystallized from water it forms aggregates of silky needles 
containing 2 5 molecules of water of crystallization and is rather difficultly 
soluble in cold water. The anhydrous salt softens when heated, melting 
to a paste at about 160 °, then turning yellow and finally melting completely 
to an orange liquid filled with bubbles at 198-9“ [a]” = —1767® in 

water, c = 0.651. It dissolves readily in dry methyl or ethyl alcohol or 
dry chloroform, less easily in dry acetone. 

Subs (air dry), o 6166 loss, o 0633 tn vacuo at 100° over H*SO, 

Calc for CnH«, 0 ,NjCl 2 5H1O HjO, to 33 Found to 27 
Subs (anhydrous), o 2442 AgCl, 011902 
Calc for CkHhOjNjCI Cl, 9 07 Found 914 

Ethylhydrocupreine Iodoacetamide.—Etltylhydrocupreine and iodo- 
acetamide reacted quickly in acetone solution Most of the acetone was 
evaporated off and the residue dissolved in hot water, the iodide separating 
in almost quantitative yield on cooling and rubbing. Recrystallized twice 
from water, using boneblack, it forms rosets of needles and long, narrow 
plates containing 3 molecules of water of crystallization. The anhydrous 
substance softens to a jelly at 140-50°, gradually liquefying and darkening, 
and becoming completely fluid at about 185°. [a]n = —115.4° in ab¬ 
solute alcohol, c = 0.910. It dissolves readily in methyl of ethyl alcohol, 
chloroform or acetone. 

Subs (air-dry), o 5403- loss, o 0501 in vacuo at 100* over H»SO« 

Calc. for CuHnOiNjI.aHiO’ HjO “9 33 Found' 927 
Subs (anhydrous), 0.1611 Agl, 0.0709. 

Cak. for CaHaOtNJ I, 24.17 Found 23 78 

Ethylhydrocupreine Chloroacetamide. —The iodide was converted 
into the chloride and salted out with sodium chloride. Recrystallized from 
water it forms faintly yellow aggregates of long, narrow plates containing 

1 This Journal, 41,825 (1919). 
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aTlittle over 3 molecules of water of crystallization and dissolving fairly 
readily in water. The anhydrous salt melts to a jelly at 145-60°, turns 
yellow, then orange, and becomes completely fluid at about 195 8 . [a]o *=* 
—114.8° in water, c = 1 124. It dissolves readily in absolute alcohol. 

Sabs, (air-dry), 06813 loss, o 0813 t« vacuo at 100° over HjSO« 

Calc for C*H» 0 »N|C 1 3H1O HjO. 11 oft Found 1197 

Subs (anhydrous), 00852 73 cc N (27 0°, 753 mia ) Subs , o 1705 7 68 cc 
AgNOisoln (1 cc ** 000181 g Cl) 

Calc for CjjHaOsNjCl N, 9 69, Cl, 817 Found N, 9 66, Cl. 8 16. 

Ethjrlhydrocupreine p-Chloroacetylamino-phenol.—The salt, prepared 
by the direct method, crystallized in good yield on letting stand. Re¬ 
crystallized from dry methyl ethyl ketone it formed rosets of delicate 
needles which came to equilibrium in the air with one molecule of water 
of crystallization. When rapidly heated to 175°, then slowly, it melted 
at 178-82° to a jelly. [a]n = —71.8° in absolute alcohol, c = 0.844. 
The salt dissolves readily in absolute alcohol and very difficultly in water 
or dry acetone It softens under dry chloroform and dissolves to some 
extent. 

Subs (air-dry), o 5319 loss, o oi8t tn vacuo at 100“ over H^SO, 

Calc for CifHwOiNjCl H *0 H» 0 . 331 Found 340 
Subs (anhydrous), o 1359 9 4 cc N (180°, 760 mm) 

Calc for Cj,H* 0 4 N,C 1 N. 7 99 Found 8 12 

The Hydrochloride.— On rubbing with i. i hydrochloric acid the 
quaternary salt changed to a pasty mass which gradually crystallized. 
Its solution in hot water containing a little hydrochloric acid was cooled, 
treated with the concentrated add until the initial turbidity barely re¬ 
dissolved, and seeded. The hydrochloride separated in the refrigerator 
as almost colorless rosets of delicate needles. The anhydrous salt darkens 
at about 185°, gradually melting to an orange liquid and ewlving gas at 
196-7°. It dissolves readily in water, methyl or ethyl alcohol, and is 
practically insoluble in dry acetone. 

Subs. 0.1528 10.62 cc AgNOi soln (1 cc « 000181 g Cl) 

Calc for OiHkCUNiCI HCI Cl, 1261 Found 1258. 

Bthylhydrocupreine Chloroacetyl-p-anisidine. —The salt was obtained 
crystalline by evaporation of the acetone solution. After recrystalliza¬ 
tion from methyl ethyl ketone the yield was 82.5% of the theory. Re¬ 
crystallized from boiling water, in which it is only difficultly soluble, it 
separates as delicate, hair-like needles containing 1.5 molecules of water 
of crystallization. The anhydrous salt softens to a jelly at 145-55 0 , 
turning yellow and liquefying completely by the time 200° is readied. 
(«]d "" —69-0° in absolute alcohol, c = 1.574. It dissolves readily in 
methyl or ethyl alcohol or chloroform, mare slowly in dry acetone. It 
gives a pale yellow color in cone, sulfuric add. 
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Subs, (air-dry), 0,7569: loss, 0.0554 in vacuo at 80*, then 100* over HjSO*. ■ 

Calc, for Ci,HmO ( N i C!.i.5H 1 0: H, 0, 4.41. Pound: 4.77. 

Subs, (anhydrous), 0.1533: 10.6 cc. N (35.0°, 767 nun.). Subs., 0.1188: 4.3 «. 
AgNO, soln. (r cc. = o.ooiSr g. Ci). 

Calc, for C«»HtiO»N«Cl: N, 7.79; Cl, 6.57. Found: N, 7.99; Cl, 6.56. 

The Hydrochloride. —A solution of the quaternary salt in an excess 
of absolute alcoholic hydrochloric add was concentrated to dryness in 
vacuo and the gummy residue digested in the flask with dry acetone, a 
portion dissolving. After several days the hydrochloride began to crys¬ 
tallize as prismatic needles and became entirely crystalline on rubbing and 
letting stand. When rapidly heated to 200 then slowly, the dried salt 
darkens and sinters at 201-4 0 and melts and decomposes at 204-5“. It 
dissolves readily in methyl or ethyl alcohol and only incompletely in water, 
owing to hydrolysis. 

Subs. 0.1374: 9.46 cc. AgNOjSoln. (1 cc. = 0.00181 g. Cl). 

Calc, for C»HmO«N|C 1.HCI: Cl, 12.30. Found: 12.47. 

Ethylhydrocupreine Chloroacetyl-p-phenetidine.—Ligroin was added 
to the reaction mixture and the solution allowed to stand in the ice box 
with occasional rubbing, the salt crystallizing in a yield of 80% of the 
theoretical amount Recrystallized with the aid of boneblack from boiling 
water, in which it is sparingly soluble it separated on seeding as woolly 
masses of delicate needles containing 1.5 molecules of water of crystalliza¬ 
tion. The anhydrous salt softens to a jelly above 130°, gradually liquefy¬ 
ing and turning yellow as the temperature is raised, until completely fluid, 
with slow decomposition at about 210°. |<*)o' 5 =* —75-25° in 95% 

alcohol, c = 0.917. It dissolves extremely easily in chloroform, very readily 
in methyl or ethyl alcohol, and easily in dry acetone. 

Subs, (air-dry), 0.5089- loss, 00232 in vacuo at 80°, then ioo° over H>SO«. 

Calc, for C,iHmOJ^iC1.t.5HjO. HjO, 4.65. Found: 4.56, 

Subs, (anhydrous), 0.1198: 8.25 cc. N (27 0°, 762 mm.). Subs., 0.1276: 4.47 
cc. AgNO» soln. (1 cc. >=■ 0.00181 g Cl). 

Calc, for CjiH<oO»NiCI; N, 7-59, Cl, 6.40. Found: N, 7.86; Cl, 6.35. 

The Hydrochloride.— This salt was obtained in exactly the same way 
as the corresponding anisidine compound, forming aggregates of minute, 
thick plates with tapering ends. It begins to turn yellow above 150°, 
darkens at about 200°, then softens and sinters, and melts mid decomposes 
at 208“. It softens under water and dissolves slowly but completely on 
shaking. It is also readily soluble in absolute alcohol or chloroform and 
only very sparingly in dry acetone. 

Subs., 0.1357-' 8.7 cc. N (25.0°. 750 mm.). Subs., 0.2415; 9,42 cc. AgNOt solo. 
(1 cc. - o.ooi 8t g. Cl). 

Calc, for ChH wOtNiCl.HC1: N, 7.12; Cl, 12.02. Found: N, 7.25; Cl, 12.05. 

Krw Vo* c, N. Y ’ ' 1 ' 



VANILLYL-ACYL AMIDES. 


2121 


[CONTRIBUTION FROM THE Essential OlLS LABORATORY, DROO DIVISION, BUREAU 

of Chemistry, U. S. Department of Agriculture ] 

VANILLYL-ACYL AMIDES. 

By E K. Nelson. 

Received October 2 , 1919 

The investigation in this laboratory of the constitution of capsaicin, 1 
which demonstrated that substance to be a vanillyl-decenoyl amide, has 
led to the synthesis of a number of other vanillyl-acyl amides (4-hydroxy- 
3-methoxy-benzyl-acyl amides), of the type (4)HO(3)CH.,OC { H 3 (i)CHi- 

NHCOR. 

Vanillyl amine, suspended in dry ether, reacts readily with acyl chlorides, 
farming vanillyl-acyl amides, which are substances of the capsaicin type. 

General Method of Preparation. 

A quantity of vanillyl amine corresponding to two molecules, freed from 
its water of crystallization by heating at uo°, is suspended in dry ether, 
and a quantity of the acyl chloride corresponding to one molecule is added, 
the mixture being stirred meanwhile. The mixture is then heated gently 
to complete the reaction, water and a little hydrochloric acid are added, 
and the mixture is shaken out in a separatory funnel, the aqueous layer- 
being drawn off. In case acids of low molecular weight, up to hexoic acid, 
are being used, it is necessary to extract the aqueous solution thoroughly 
with chloroform and add tills to the ether solution, as the derivatives of 
the lower acids are soluble in water and insoluble, or difficultly soluble, 
in ether. The aqueous solution is then evaporated to recover the excess 
of vanillyl amine in the form of the hydrochloride. The ether or chloro¬ 
form-ether solution is washed with a dilute solution of sodium carbo¬ 
nate, to remove any uncombined acid, and evaporated. 

The condensation product thus obtained is purified by crystallizing from 
a suitable solvent, usually benzene for the lower members of the series, 
or petroleum ether containing some ethyl ether for the higher ones. 

The acyl chlorides are prepared as needed by adding to the weighed 
amount of add the required quantity of phosphorus trichloride, heating 
gently and decanting the acyl chloride directly from the viscous deposit 
of phosphorous add. 

The foregoing method of preparation was employed for all the substances 
to be described, with the exception of the acetyl and isobutyryl derivatives, 
which were made by the use of the corresponding add anhydrides. 

Derivatives of the Acids of die Acetic Acid Series. 

VaaiQyl Acetamide. —io g. of vanillyl amine, 20 g. of acetic anhydride 
and one g. anhydrous sodium acetate were heated for 4 hours at 130®. 
An excess of sodium hydroxide was added to the cooled mixture and after 
shaking and saturation with carbon dioxide the solution was thoroughly 
1 Nelson. This Journal, 41, un (1010I 



2122 


E. E. KELSON. 


extracted with chloroform. The residue from evaporation of the chloro¬ 
form was saponified with cold alcoholic potassium hydroxide, in order to 
remove the acetyl group substituted in the hydroxyl of the vanillyl resi¬ 
due, diluted with water, saturated with carbon dioxide and extracted with 
chloroform. On evaporating the chloroform the compound remained as 
a thick brown syrup which slowly became crystalline. Recrystallized 
from boiling benzene it melted at 84-5“ (corr.). The yield was 62%. 
Calc, for C.oHuNO, C. 61.5; H, 6.7; N. 717- 
Found: C, 61 6; H, 6 9; N, 7.12. 

Vanillyl acetamide is easily soluble in water and in chloroform but is 
insoluble in ether. It is not pungent. 

Optical-crystallographic Data 1 — In ordinary light, vanillyl acetamide 
is seen to consist of rods breaking into irregular fragments, the crystal 
system being monodinic. The refractive indices (determined by the im¬ 
mersion method, using mixtures of lubricating oil with monobromonaph- 
thalene and of the latter with methylene iodide) are: a = 1.550, 0 == 1 585, 
y = 1.685, y — a = 0.135, all ±0.005. Intermediate values are usually 
obtained. In parallel polarized light , nicols crossed: The birefringence is 
extreme, the colors being of high orders. Extinction is inclined, reaching 
a maximum of 30elongation is variable. In convergent polarized light, 
nicols crossed: Partial biaxial figures are often obtained, the axial plane 
running lengthwise, the apparent axial angle 2E being about 1 io° (calc. 
115 0 ) and the sign positive. The dispersion is distinct. 

Vanillyl Propionamide.—2.5 g. of propionic acid was converted into 
the chloride and added to 10.3 g. of vanillyl amine suspended in ether. 
The derivative was recrystallized from hot benzene and melted at 108- 
io° (oorr.). The yield was 46%. 

Calc, for CiiHuNOi: C, 6j 1, H, 7.2; N, 6.69. 

Found. C. 63.3; H, 7,2; N, 6.67. 

Vanillyl propionamide is scarcely soluble in ether but is soluble in water, 
chloroform or hot benzene. Its aqueous solution is very slightly pungent. 

Optical-crystallographic Data. — In ordinary light, vanillyl propion- 
amide is in short rods and irregular grains, the system being rhombic. 
Refractive indices, determined as in the preceding substance; a * 1.495, 

» 1.635, y m i.68o, y — a = 0.185, all ±0.005; intermediate values 
are usually obtained. In parallel polarised light, nicols crossed: Bire¬ 
fringence is extreme, the colors being of high orders. Extinction is parallel, 
and elongation variable. In convergent polarised light, nicols crossed: 
Partial biaxial figures are occasionally obtained, 2E being about ioo° 
(calc. 98°) and the sign negative. Dispersion is distinct. 

Vanillyl «-Butyramide.—Normal butyric add was used and the add 

1 The optica! -crystallographic observations in tbi» paper were kindly made by 
Dr, Edgar T. Wherry, of the Bureau of Che mi s tr y. 
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chloride method employed. The yield was 44%. Vanillyl «- butyramide 
crystallizes slowly. It was crystallized from benzene and recrystallized 
from dry ether, when it melted at 68-70° (corr.). 

Calc for CuHnNOi: C. 64 1, H, 7 7, N, 6.29 
Found. C, 64 4, H, 7 6; N, G 34 

Vanillyl «-butyTamide is readily soluble in chloroform and moderately 
soluble in ether and in water. It is somewhat pungent. 

Optical-crystallographic Data. —Iw ordinary light, vanillyl w-butyr- 
aroide is in minute rods, grains and irregular aggregates, the system being 
apparently triclinic. Refractive indices: a = 1.515, ft = 1.580, 7 = 1.655, 
y — a = 0.140, all ±0.005; intermediate values are usually obtained. 
In parallel polarized light, mcols crossed Birefringence is extreme, the 
colors being of high orders, Extinction is strongly inclined, reaching 45°, 
and elongation is variable. In convergent polarized light, mcols crossed: 
Partial biaxial figures are often obtained, 2E being extremely large, and 
the sign probably positive. Dispersion is distinct. 

Vanillyl IsobUtyramide. -Isobutyrie anhydride was employed. The 
yield was 80%. Recrystallized from dil. alcohol, vanillyl isobutyramide 
melted at 118-20°. 

Calc for CuHifNOj C, 64 5, H, 7 7, N, 6 29 
Found C, 64.4, H, 7 7, N, 6 15 

Vanillyl isobutyTamide is scarcely soluble in ether but is soluble in 
chloroform and moderately soluble in water. It is only slightly pungent. 

Optical-crystallographic Data. — In ordinary light, vanillyl isobutyr- 
amide is in rectangular plates and pyramids, the system being rhombic. 
Refractive indices a = 1.465, jS = 1.633, 7 = 1.635, 7 — a = 0.170, 
all ±0.005. In parallel polarised light, mcols crossed: Birefringence is 
extreme, the colors being of high orders. Extinction is symmetrical, 
and elongation variable. In convergent polarized light, mcols crossed: 
Biaxial figures are often obtained, 2E being very' small, about 18° (calc. 
17° 48'). and the sign negative. Dispersion is distinct. 

Vanillyl w-hexoyiamide.— Caproic acid made by the fermentation of 
kelp was used in preparing vanillyl M-hexoylamide. The acid was obtained 
from the Hercules Powder Co., Although it distilled within narrow limits 
as received, it was converted into the methyl ester and this was care- 
folly fractionated. The fraction boiling at 49-52 0 under 15 mm. pressure 
was saponified, and from this an arid boiling at 103-6° under 15 mm. pres¬ 
sure was obtained. 

Vanillyl w-hexoyl&mide, however, was not obtained in crystalline form 
and all efforts to induce crystallization failed. It seems probable, there¬ 
fore, that the caproic add may not be pure normal arid. The condensa¬ 
tion product, as obtained, appears as a tight brown, very viscous syrup. 
It » moderately soluble in boiling water, from which it separates, for the 
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most part, on cooling. It is soluble in ether and in chloroform. VaaiByl 
n -hexoyl amide is far more pungent than the Iowa- members of the series. 

Vanillyl «-Heptoylamide.—Normal heptoic add was made by the 
oxidation of oenanthol, which was prepared by distilling castor oil under 
diminished pressure. The add boiled at 114 0 under 10 mm. pressure. 
By the condensation of n-heptoic add and vanillyl amine, through the 
add chloride, a yield of 81% of vanillyl «-heptoylamide was obtained. 
Recrystallized from a mixture of ether and petroleum ether, it melted at 
59-61° (corr.). 

Calc for Ci,H„NCy C, 67.0; H, 8 7; N, 5.24. 

Found: C, 67.5, H, 8 7; N, 5.19 

Vanillyl n-heptoylamide is very pungent. 

Optical-crystallographic Data.— In ordinary light, vanillyl n-heptoyl- 
atnide is in grains, the system being probably monodinic. Refractive 
indices: a = r.515, 6 «= 1 -595, 7 * 1-625, y — a *= 0.110, all *0x05; 
intermediate values are usually obtained. In parallel polarized light, 
nicols crossed: Birefringence is extreme, the colors being mostly about 
3rd order. Extinction is usually strongly indined, though occasionally 
symmetrical, and elongation is variable. In convergent polarized light, 
nicols crossed: Partial biaxial figures are occasionally obtained, 2E 
being about no 0 (calc 107°), and the sign negative. Dispersion is dis¬ 
tinct. 

Vanillyl n-octoylamide.—Caprylie add (normal octoic add) was 
isolated from coconut oil by carefully fractionating the methyl esters of 
coconut oil fatty adds. The fraction boiling at 83-6° under 15 mm. 
pressure was saponified and the add recovered and rectified. 

As a perfectly homogeneous condensation product was not obtained with 
vanillyl amine, the add was further purified by fractionally crystallizing 
its barium salt. The add thus purified had a constant boiling point and 
was used in preparing vanillyl w-octoylamide, of which a yield of 83% 
was obtained. Recrystallized from petroleum ether containing 10% of 
ethyl ether, this compound melted at 41-3 0 (corr.). 

Calc, for CuH*NO,: C, 68 8; H, 9.0; N, 5-ot. 

Found: C, 68.8; H, 9.1; N, 5.05. 

Vanillyl H-octoylamide is a violently pungent substance. Care must 
be taken in handling it that its solutions do not come in contact with the 
face or with the eyes. Its pungency on the tongue is about equal to that 
of capsaicin, but its property of causing sneezing and coughing is probably 
not quite so great. 

Optical-crystallographic Data.— In ordinary light, vanillyl n-octoyl- 
amide is in very minute needles, with the approximate refractive in (faces 
a. * 1.56 and y** 1.57. In parallel polarieed light, nicols crossed: Bire* 
frmgence is moderate, the colors being first order grays. Extraction j* 
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parallel and elongation negative. The grains are too minute for further 
measurements. , 

VanUlyl ti-Nonoylamide .—Normal nonoic acid was purified by dis¬ 
tillation. Condensed, through the acid chloride, with vanillyl amine, a 
yield of 76% of the theoretical equivalent of vanillyl M-nonoylamide was 
obtained. The substance crystallized slowly. Recrystallized from a 
mixture of ether and petroleum ether, it softened at 47 0 and was completely 
melted at 52 °. It, therefore, still contained a small amount of impurities. 

Calc, for CutluNOr. C, 69.6; H, 9 3; N, 4.77. 

Found: C, 69.3; H, 9.1; N, 469. 

Vanillyl M-nonoylamide is soluble in ether and in chloroform, and is 
slightly soluble in hot petroleum ether. It is an extremely pungent 
substance, being even more disagreeable to handle than vanillyl n-octoyl- 
axnide. Its pungency to the taste is about the same as that of capsaicin. 

Optical-crystallographic Data.—The optical properties of this substance 
are practically the same as those of vanillyl K-octoylamide, so far as they 
could be observed, except for the refractive indices, which are: a = 1.57 
and 7 = 1.59. 

Vanillyl w-Decoylamide.—Caprie acid (normal deeoic acid) was 
prepared by fractionation of the methyl esters of the coconut oil fatty adds. 
The methyl ester boiling at 112-6° under 15 mm. pressure was saponified 
and the acid recovered was crystallized and pressed out on filter paper in 
a cold room. The add melted at 31-31.5°. A yield of 80% of vanillyl 
M-decoylamide was obtained. Recrystallized from petroleum ether, it 
melted at 59-60°. 

Calc, for CnHt»NO»: C, 70.3, H, 9.5, N. 4 55 - 
Found: C. 70.1; H, 9 8; N, 4.58 

Vanillyl n-decoylamide is soluble in chloroform and in ether and is slightly 
soluble in boiling petroleum ether and in water. It is extremely pungent 
and the powdered substance causes coughing and sneezing. 

Optical-crystallographic Data.— In ordinary light, vanillyl «-deeoyI- 
amide is made up of splintery' flakes and needles, the system being probably 
rhombic. Refractive indices: a = 1.545, 0 = 1555, 7 = 1.620, -y — a = 
0.075, * 0.005; 0 ^ usually seen lengthwise of the needles, and values 

intermediate between the other two indices crosswise. In parallel polar- 
rsid light, nicols crossed: Birefringence is extremely strong, the colors 
being of upper first order, even on the thinner needles. Extinction is 
parallel and elongation usually negative, rarely positive. In convergent 
polarised light, nicols crossed: The crystals are too minute to yield good 
figures, but the class is biaxial, with the axial plane crosswise; 2E is small 
(calc. 23°) and the sign positive. 

Vanillyl jj-Undecoylamide.—An alcoholic solution of undeceaoic 
acid, made by the dry distillation of castor oil, was hydrogenated, using 
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colloidal palladium as a catalyst. 96% of the theoretical amount of hydro¬ 
gen was quickly absorbed. The undecoic acid obtained was used in the 
preparation of vanillyl «-undecoylamide, of which a yield of 80% was 
obtained. Recrystallized from petroleum ether containing 10% of ethyl 
ether, the substance melted at 54-6°. 

Calc for CuHhNOj C, 71 o, H, 07; N, 4 15 
Found C, 71 1; H, too, N. 444 

Vanillyl M-undecoylamide is insoluble in water, difficultly soluble in 
cold petroleum ether and easily soluble in ether. 

The pungency of vanillyl M-undecoylamide differs somewhat in character 
from that of the substances already described. The burning sensation is 
not so immediately apparent and affects the back of the tongue and the 
throat rather than the tip of the tongue 

Optical-crystallographic Data.— In ordinary light, vanillyl u-undccoyl- 
amide is in 4-sided or irregular plates, the system being apparently tri- 
clinic. Refractive indices a = 1.515, (S = 1 540, y = 1.615, y — a = 
o.ioo, all =*=0.005; is often obtained. In parallel polarized light, mcols 
crossed: Birefringence is extreme, the colors being of second order on 
even rather thin flakes. Extinction is inclined at varying angles, and 
elongation variable In convergent polarized light, mcols crossed■ Partial 
biaxial figures are frequently obtained, 2E being about 110° (calc 106°) 
and the sign positive. Dispersion is distinct. 

Vanillyl n-Dodecoylamide.—Laurie acid (normal dodecoic acid) was 
prepared by fractionating the methyl esters of coconut oil fatty acids. 
A yield of 70% of vanillyl u-dodecoylamide was obtained. It was recrys¬ 
tallized by pouring its ethereal solution into petroleum ether. It then 
melted at 60-1 0 (corr.). 

Calc for C«H«NO, C, 71 6, H, 9 9; N, 4 17 Found C, 71 2, H, 10 2; N, 4 26 
Vanillyl w-dodecoylamide is insoluble in water but easily soluble in ether. 
In pungency it resembles vanillyl w-undecoylamide. 

Optical-crystallographic Data. —Jit ordinary light, vanillyl «-dodecoyl- 
amide is in splintery plates, the system being apparently monoclinic. 
Refractive indices, a = 1.52, /3 = 1.54, 7 = 1.60, 7 — a — o.a8, all 
±0.01. In parallel polarized light, nicols crossed: Birefringence is strong, 
the colors being 1st order yellow on even rather thin flakes. Extinction 
is inclined, reaching a maximum value of 30°, and elongation is negative. 
In convergent polarized light, mcols crossed ■ Rather indistinct figures are 
sometimes obtained, the class being biaxial, 2E moderate (calc. ioo°) 
and sign positive. 

Derivatives of the Acids of the Acrylic Acid Series. 

Two derivatives of the acrylic acid series, to which the add isolated from 
capsaicin belongs, have been made, namely, vanillyl crotonylamide and 
vanilhri undeeenoylamide. 
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Vanillyl Crotonylamide .—The chloride of crotonic acid was prepared 
from crotonic acid by the method described by Henry, 1 and was used in 
the preparation of vanillyl crotonylamide, of which a* 50% yield was ob¬ 
tained. Recrystallized from boiling benzene, the substance melted at 
119-20° (corr.). 

Calc for CiiHjsNOj C, 65 1 ; H, 6.8; N', 6 33 Found’ C, 64 9, H, 7.0; N, 6.25. 

Vanillyl crotonylamide is not easily soluble in ether or benzene but is 
quite soluble in chloroform and moderately soluble in water. It is slightly 
pungent. 

Optical-crystallographic Data. —In ordinary light, vanillyl crotonyl¬ 
amide is in rods and irregular grains, the system being probably rhombic. 
Refractive indices: a = 1.515, 3 = 1.605, Y = 1 - 735 . V — a = 0.220, 
all *0.0051 intermediate values are usually obtained. In parallel polarized 
light, meals crossed: Birefringence is extreme, the strongest met with in 
the series studied, the colors being of high orders. Extinction is parallel, 
and elongation variable. In convergent polarized light, nicols crossed .* 
Partial biaxial figures are occasionally obtained, 2E being extremely large, 
and the sign positive Dispersion is distinct 

Vanillyl Undecenoylamide. - Dndecenoio acid melting at 24.5 0 was 
obtained by the Ary distillation of castor oil Condensation with vanillyl 
amine gave a yield of 82'of vanillyl undecenoylamide. Purified by re- 
crvstallizing from petroleum ether, the substance melted at 53-5 0 (corr.). 

Calc for Ci*Hj*NO,’ C, 71 4, H, « 1, N. 4 3K Found C, 71.3; H, 93; N, 4.17 

Vanillyl undecenoylamide, like the corresponding saturated derivative, 
vanillyl undecoylamide, affects the throat rather than the tongue. Its 
powder is more irritating to the nose and throat, however, causing violent 
coughing and sneezing. 

Optical-crystallographic ’Data, —hi cvdvtary light, vanillyl undecenoyl¬ 
amide is in splintery masses and minute needles, the system being prob¬ 
ably rhombic. Refractive indices: a = 1.55, 3 — 1.60, y = 1.63, 7— a — 
0.08, all *0.01, In parallel polarized light, nicols crossed: Birefringence 
is extremely strong, first to second order colors being shown on even minute 
needles. The extinction is parallel and the elongation negative. In 
convergent polarized light, nicols crossed: The needles are too minute to 
yield good figures; the class is biaxial, 2E extremely' large and the sign 
negative. 

Derivatives of Aromatic Acids. 

Of the aromatic adds, the derivative of benzoic add is the only one so 
far successfully prepared. One effort to prepare a cinnamic add deriva¬ 
tive resulted in a product without a sharp melting point which is, there¬ 
fore, not described. 

1 Henry, Bull, acad toy. Mg , [.3) 36, 42 (<898). 
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Vanillyl Benzoylamide.—Vanillyl benzoylamide was made by stirring 
a quantity of benzoyl chloride corresponding to one molecule with a quan¬ 
tity of vanillyl amine corresponding to two molecules, suspended in dry 
ether. It crystallized from alcohol in needles melting at 140-2 °. 

Calc, for CuHisNCy C, 70.0; H, 5 <>; N, 5.44. Found: C, 69.9; II, 6.0; N, 3.46. 

Vanillyl benzoylamide is insoluble in ether but soluble in chloroform 
and alcohol. It is only moderately pungent. 

Optical-crystallographic Data.— In ordinary light, vanillyl benzoyl¬ 
amide is in short rods and grains, the system being rhombic. Refractive 
indices: a = 1.590, (5 = 1.675, 7 = 1695, y — a = 0.105, all *0.005; 
the individual indices are all frequently obtained. In parallel polarized 
light, nicols crossed: Birefringence is extreme, the colors being of high 
orders. Extinction is parallel, and elongation positive. In convergent 
polarized light, nicols crossed: Good biaxial interference figures are readily 
obtained, 2E being 85° (calc. 89°) and the sign negative. Dispersion is 
distinct. 

Derivatives of «-valeric acid, of Wallach’s “menthonensaure" 1 (a decenok 
add) and of Schneegans’ decenoic add* have been prepared, and were all 
found to be pungent substances. As none of them have crystallized, they 
cannot be described at present. 

Pungency. 

Capsaicin and the related substances described are practically devoid 
of odor and flavor. » 

Tlie relative pungency of these substances was determined by ascer¬ 
taining the minimum amount necessary to cause a distinct burning on the 
tip of the tongue. 

It was found that l /*>tn mg. of capsaicin could-be detected by this means, 
and comparisons were made with that amount of capsaicin as a standard. 
An alcoholk solution of capsaicin was prepared of such a concentration 
that one drop from a pipet giving 80 drops to the cc. contained the required 
amount. One drop was evaporated on a small microscopic cover glass 
and placed on the tongue, and the intensity of the sensation and its dura¬ 
tion noted. 

Alcoholic solutions of the substances to be tested were diluted until 
the residue of a drop from the same pipet gave, as nearly as could be de¬ 
termined, the same degree of pungency. It is self-evident that such a 
comparison can only be approximate. The tests, therefore, were repeated 
by several persons, in order to eliminate, so far as posable, the personal 
equation. The results are expressed on a percentage scale, the pungency 

1 Ann., 31a, 197 (1900). 

•Ibid., *37, 8$ (1885). 
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of capsaicin being taken as 100. The moderately pungent subs tances 
were not considered. 

Table I. —Comparative Pungencies. 


Vanillyl n-hexoylamide. 

S 

Vanillyl n-heptoylamide 

2J 

Vanillyl *K>ctoylamide 

75 

Vanillyl n-nonoylamide 

IOO 

Vanillyl n-decoylamide 

SO 

Vanillyl n-undecoylamide 

23 

Vanillyl n-dodecoylamide 

25 

Vanillyl tmdeceuoylamide 

25 


This method was checked by the method of Pearson, 1 1. e., by dilution 
until pungency was barely perceptible when a few drops of the solutions 
were tasted. 

Zingerone, 1 (4 - hydroxy - 3 - methoxy - phenylethylmethyl ketone), 

CHjO 

HO— ^CHaCHiCOCHi, one of the pungent principles of ginger, is far 

less pungent than capsaicin. A direct test upon the tongue, as described 
above, as well as a test by Pearson’s method, showed it to have approxi¬ 
mately‘one-thousandth the pungency of capsaicin. Vanillyl acetamide, 
CH ,0 

HO—^)CHiNHCOCH», notwithstanding its structural similarity to 
zingerone, is not pungent 

The property of pungency would seem to be, to some extent, dependent 
upon solubility. Zingerone is sparingly soluble in water and easily soluble 
in most of the organic solvents, with the exception of petroleum ether. 
It thus corresponds with the more pungent of the vanillyl-acyl amides. 
Vanillyl acetamide, on the other hand, is quite soluble in water, but diffi¬ 
cultly soluble in ether. 

Backman 1 shows that, in order for a substance to be odorous, it must 
be sufficiently soluble in both water and lipoids, since the cells of the nose 
are covered with a watery fluid, while they themselves ^contain lipoid gran¬ 
ules. 

Durrans,' in a valuable paper on tire relationship between odor and chem¬ 
ical constitution, concludes that "a high molecular weight undoubtedly 
suppresses an odor, but a moderate molecular weight in creasesjt.” The 
following table, given by Durrans, expresses this relation: 

1 Pkarm . J ., 103, 78 (1919)- 

'Nomura, J. Trotu. Chm. Soc, in, 769 (1917), Lapworth, ef al.. J. Tnms. 
Ckem. Soc., in, 777, 790 (*9«7>- 

* J. pkytiot. path t**„ 17 * « (* 917 )- 

* Ptrfwnery EistrU. Oil Record, 10 , 104 (1919). 
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Relation between Molecular Weight and Intensity op Odor. 


Aliphatic saturated alcohols 

Odor drvelop* 

c* 

Maxi mum odor 

c. 

Odor loht 

Aliphatic saturated aldehydes 

c, 

Cm 

Cie 

Aliphatic saturated ketones. 

c, 

c„ 

c w 

Aliphatic saturated acids 

Ci 

c. 

c„ 

Aliphatic saturated esters 

c. 

c. 

c„ 


In the absence of a scientific method for the classification and measure¬ 
ment of odors, any attempt, such as the above, to correlate odor with chem¬ 
ical constitution must necessarily be largely empirical. It is, however, 
interesting to note that the increase in pungency* to a maximum and sub¬ 
sequent decrease with increasing molecular weight would seem to run closely 
parallel with the variations of odor in series of organic s*ubstances brought 
out by Durrans 

Summary and Conclusions. 

The condensation products of vanillyl amine with acetic, propionic, 
butyric, isobutyric, n-hexoic, n-heptoic, K-octoic, n-nonoic, n-decoic, 
n-undecoic, n-dodecoic, erotonic, undecenoic and benzoic acids have been 
prepared and described. 

In the homologous series of the derivatives from saturated fatty acids, 
the solubility in water decreases with rising molecular weight, while the 
solubility in ether increases, whereas pungency increases until it reaches 
a maximum in vanillyl w-nonoylamide, then decreases or changes in 
character as the molecular weights increase. 

Conclusions as to the effect of a double bond in the side chain cannot 
at present be drawn, as only two derivatives of the acrylic add series have 
been prepared. Comparison of one of these (vanillyl undecenoylamide) 
with the corresponding saturated derivative, however, seems to indicate 
that the double bond may not increase the pungent taste but may increase 
the other irritating properties. 


D C . 
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SYNTHESES IN THE CINCHONA SERIES. ID. AZO DYES DE¬ 
RIVED FROM HYDROCUPREINE AND HYDROCUPREIDINE. 

By Michael Hbidelberger and Walter A. Jacobs. 

Received October 6, 1919 

The subject matter of this and the previous paper (p. 2090) was presented 
at the June meeting of the New York Section of the American Chemical 
Society. Three months later, while the present material was being pre¬ 
pared for publication we received the paper of Giemsa and Halberkann 1 
on "Azo-5 and Amino-5 Compounds of Cupreine, Hydrocupreine and 
their Methyl and Ethyl Ethers,” in which the idea of azo-cinchona com¬ 
pounds is elaborated, although only one of the substances described in 
the present paper (p-sulfo-phenylazo-hydrocupreine) was studied. The 
work which we now report has been in progress for over two years and 
represents but a portion of the studies which we are making in the field 
of the cinchona alkaloids. 1 Among our objects in studying the azo de¬ 
rivatives of the hydroxy alkaloids was the reduction of suitable members 
to the amino alkaloids, which we now see has also been accomplished by 
the German workers. As far as 5-aminokydroeupreine is concerned, we, 
too, prepared this interesting compound almost two years ago, and since 
our work with it and analogous substances is still in progress, we shall re¬ 
serve our discussion of the amino alkaloids for a future paper. 

We have found that hydrocupreine and hydrocupreidine behave in a 
normal manner as phenolic compounds and yield well-defined azo dyes 
with diazotized aromatic amines. 

We have assumed from the first that position 5 (ana) in the quinoline 
nucleus is the place of entrance of the azo group 


CH 



since this is the only available position which would satisfy the usual rules 
of substitution for a 6-hydroxy-quinoline derivative, a conclusion also 
arrived at by Giemsa and Halberkann. 

1 Ber ., $a, 906 <1919). 

* For Paper 1 of this scries, see This Journal, 4*. 81S (*919). 
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Of the dyes prepared by us from a large variety of aromatic amines the 
majority crystallized without difficulty or formed crystalline salts, and 
while others could not be made to crystallize we are convinced that methods 
for their crystallization could have been found in a more detailed and time- 
consuming study than we were able to give. In general, the phenyl and 
tolyl dyes, as well as those with tn -substituents on the benzene ring gave 
orange to orange-red solutions in dil. acids and dyed silk various shades 
of orange; o- and p-alkoxy groups deepened these colors toward the red, 
while the dyes from the naphthylamines dyed silk a deep rose color. As 
a class these substances had the property of dyeing unmordanted cotton, 
a property also shared by 5-phenylazo-6-hydroxyquinoline, 1 which was 
prepared for comparison. 

While the crystalline dyes wliich did not contain negative salt-forming 
groups on the aromatic amine were generally only slightly soluble in cold 
N aqueous alkali and only incompletely on boiling, solutions of the dyes 
in a little alcohol gave clear, deep red to purplish red solutions on dilution with 
N sodium hydroxide. All of the dyes, of course, were soluble in dil. acids. 

Many of the substances described in this paper were highly bactericidal 
in vitro, a property which will be discussed in the appropriate place by our 
colleague. Dr. Martha Wolstein. 

Experimental. 

Since the azo compounds to be described in the following pages were 
allJprepared by essentially the same technique this will be given at the 
start, and in cases in which modifications proved necessary these will 
be described under the individual compounds. 

The aromatic amine was diazotized as usual in dil. hydrochloric add 
solution containing 4 equivalents of the add. The solution was then slowly 
added to a tnrbined solution of hydrocupreine in dil. sodium hydroxide, 
the quantity of the latter bdng 6 equivalents, or 2 in excess of the amount 
of hydrochloric add originally employed, this having been chosen in order 
to hold the alkaloid in solution during the coupling. The volume of the 
alkaline solution was from 100 to 150 cc. for 3.1 g. (0.01 mol.) of the base and 
the temperature during the coupling was kept at 10-15°. As a rule the 
coupling proceeded rapidly, the dye in most cases separating during the 
reaction as a flocculent predpitate. In most instances predpitation was 
completed by the final addition of ammonium chloride solution. After 
filtering off and washing, the dye was purified by grinding under very dilute 
hydrochloric add, filtering from insoluble material, and reprecipitating 
from the diluted filtrate with ammonia. 

(A) Dyes Derived from Hydrocopreine. 

Phenylazo-hydrocupreine.—On adding insufficient ammonia for 
neutralization to the dil. hydrochloric add solution of the crude product 
1 Matbfrus, Bet., at, 1643 (188S). 
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a tarry precipitate which separated was filtered off before making alkaline 
with ammonia. The dye was obtained in slightly greater yield than the 
amount of hydrocupreine used and forms an orange-red, amorphous powder 
which is readily soluble in the usual organic solvents It gradually softens 
above 85 melting completely at about 130°. It is soluble in dil acids 
with an orange color and although insoluble ra too dilute sodium hydroxide 
it dissolves in 2% alkali with a cherry-red color It gives a deep orange- 
brown solution in cone, sulfuric acid. 

Subs, 01364 1J3K N (190°, 734 mm ) 

Calc lor CuH«OiN 4 N, 1346 Found 1302 

Phenylazo-hydrocupreine Dihydrochloride.—The purified base was 
dissolved in a small volume of 10% hydrochloric acid, chilled, and seeded 
with crystals obtained by dissolving a test portion in 1 1 In Lrochloric 

acid and adding saturated salt solution. After standing in the ice box, 
the salt was reerystalhzed from a small volume of 10% hydrochloric acid 
and let stand at o°, separating as dark red, felted needles containing 4 
molecules of water of crystallization When rapidly heated to 180°, 
then slowly, the anhydrous salt decomposes at 181-3° with preliminary 
darkening and sintering, and dissolves readily m the cold in water, al¬ 
cohol, methyl alcohol, or chloroform It is almost insoluble in dry ether 
or hot benzene and only sparingly soluble in hot dry acetone. An aqueous 
solution is readily decolorized by stannous chloride with the formation of 
aniline hydrochloride and the hydrochloride of aminohydrocupreine. 

For analysis the salt was dried in vacuo first at room temperature over 
sulfuric add and crushed alkali and finally at 80 0 over sulfuric add. 

Subs , air-dry, o 5910 loss, o 0768 

Calc, for C»H«OjN« 2HCI 4H1O HiO, 12 84 Found' 1299 

Subs., anhydrous, 013*5 130 cc. N (23 o', 760 nun) Subs, 01038* AgCI, 

0.0578. 

Calc for CmH,*OjN, -tHCI N, 11 45, Cl, 14 49 Found N, u 32, Cl, 13 78 
o-Tolylazo-hydrocupreine.—The purified amorphous dye was dis¬ 
solved in a small volume of hot absolute alcohol, chilled, and seeded with 
crystals formed by the spontaneous evaporation of an alcoholic solution 
of a test portion. The dye slowly crystallized as deep red, spherular masses 
of microscopic crystals which darken and sinter above 100°, melting to a 
tar from no to 130 0 It is readily soluble in boiling methyl or ethyl al¬ 
cohol, sparingly at o°, and dissolves very easily in chloroform or benzene, 
less readily in dry acetone. It dissolves in cone sulfnric add with an 
orange-red color and partially in hot 5% sodium hydroxide, yielding a 
cherry-red solution. In dilute adds the color is orange-red. 

Subs, o 1413 16 2 cc N (24-0°, 758 5 uua ) 

Calc, for C«H»«O j N« N, 13 02 Found 13.16. 
m-Tolyiazo-hydrocupreine,—The purified base was obtained In onnA 
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usual neutral organic solvents, and is quite soluble in cold N sodium 
hydroxide and practically completely, on boiling, forming a dull red solu¬ 
tion. It gradually melts above 103° with preliminary sintering, becoming 
completely fluid at 12 5-30 °. 

Subs, oiiii)' ufi cc N (27.0°, 765 ram) 

Calc for C*Hi(iOjN< >1,13112 Pound 1289. 

The Dihydrochloride.—The base was rubbed under sufficient cone, 
hydrochloric acid to give a reaction strongly acid to Congo red paper and 
the solution diluted with dry acetone, tin adding dry ether until a slight 
permanent turbidity formed the salt gradually separated on standing and 
rubbing as aggregates of red, microscopic crystals. After air-drying, 
the salt contained approximately 1 5 molecules of water of crystallization. 
When anhydrous it darkens and softens above 160 0 and decomposes at 
about 195 °. It is very easily soluble in dry methyl alcohol, less easily in 
absolute alcohol. It dissolves with difficulty in dry acetone or chloroform 
but is quite soluble in the latter on boiling. It is readily soluble in water 
with a reddish orange color. 

Subs , o 6548 ■ loss, o 03-1 in varun at room temp over H„SO, -f NaOH 
Calc for Ci,H,oOjN, jHCI 1 sHjO. H t O. 5 70 Pound 5 09 
Subs., anhydrous, o 10,14 10 1 cc N (26.0°, 757 mm ) Subs , 0.1442 AgCI, 
O 0832. 

Calc for C»H t (ANi 2HCI N, 11 14, Cl, 1409 Pound N, 11.11, Cl, 14 27 

/>-Tolylazo-hydrocupreine. -The crude dye was made to crystallize 
by warming with 85% alcohol, the separation being completed after cool¬ 
ing by the cautious addition of about */» volume of water. Recrystallized 
from amyl alcohol, in which it dissolves readily at the boiling point and 
sparingly in the cold, it forms glistening, orange-red leaflets. When 
rapidly heated to 200 °, then slowly, the dye melts at 202-5 0 with K 118 evo¬ 
lution and preliminary softening. It is rather sparingly soluble in the 
cold in absolute methyl or ethyl alcohol or acetone, but quite readily on 
warming, and also dissolves easily in chloroform or toluene. The solution 
in cone, sulfuric add is bright red, and orange-red in dil. adds. 

Subs ,01311- 17 2 cc. (N 26.3°, 752 mm ) 

Calc for CVH,oO-N 4 N, 13.07. Found. 12.84 

a-Naphthylazo-hydrocupreine.—On dissolving the purified dye in 
dry acetone it separated almost immediately as glistening, copper-colored, 
diamond-shaped platelets. It separates from alcohol as deep maroon 
plates with a bronzy luster, which crush to a dark, purplish red powder 
and melt slowly to a tar at 146-9 0 with preliminary sintering. It is soluble 
in hot alcohol or acetone, more so in the cold in methyl alcohol or benzene, 
very readily in chloroform, and only sparingly in dry ether and in hot dil. 
Sodium hydroxide. It yields a bright red solution in dil, hydrochloric 

ivJnr fn «vnc fflilfiinc Drill 
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Subs,, 0.1252: 15.0 cc. N (205°, 756 mm.). 

Calc, for CajHieCjN*: N, 1202. Found: 12.21. 

0 -Naphthylazo-hydrocupreine.—In the purification of the crude dye 
it was found necessary to use warm dil. hydrochloric acid, as the hydro¬ 
chloride tended to separate from cold solutions in gelatinous form. Re- 
crystallized from amyl alcohol, in which it is soluble only near the boiling 
point, the base separates as glistening, woolly, scarlet needles which de¬ 
compose at 240-4 0 . The solution in dil. hydrochloric add is bright orange- 
red, while that in sulfuric acid is deep violet. It is soluble in chloroform 
but only very difficultly soluble in alcohol, dry acetone or benzene, and is 
insoluble in hot dil. sodium hydroxide solution. 

Subs, 0.1057: 11 o cc. N (21 5°, 754 mm ). 

Calc, for CaiHioO»>.Y N, 12.02. Found: 12 20. 

Diphenyl-p-bisazo-hydrocupreine.—1.4 g. of benzidine were dissolved 
in hot water containing 13 g. of cone, hydrochloric add, chilled, and di- 
azotized with 1.05 g. of sodium nitrite. The solution was coupled with 
4.5 g. of hydrocuprcine dissolved in 180 cc. of N sodium hydroxide diluted 
to 300 cc. The resulting dye was purified in the usual manner, yielding 
4-5 g. of an amorphous product. When dissolved in pyridine, filtered, 
and cautiously treated with water the dye precipitated as a dubiously 
crystalline, purplish brown powder. It melts to a tar, with preliminary 
sintering, above 204° and decomposes at about 220°. The dye is easily 
soluble in chloroform, sparingly in absolute alcohol or benzene, and very 
difficultly in dry ether. It dissolves in dil. acids with a deep, purplish 
red color and only partially in boiling N sodium hydroxide solution with a 
dull red color. The solution in cone, sulfuric acid is an intense violet-blue. 

Subs., 0.1178: 15 5 cc. N (28.0°, 758 mm ). 

Calc, for CmHuOiNY. N, 15.49. Found 12.77. 

w-Nitrophenylazo-hydrocupreine.—Modification of the usual pro¬ 
cedure was necessary in this case, as otherwise the yield was very poor. 
2.i g. of m-nitraniline were dissolved by heating with 12.7 g. of cone, 
hydrochloric acid and about an equal volume of water, rapidly chilled to 
form a paste of small crystals of the hydrochloride, and diazotized below 
u>° with a cone, sodium nitrite solution. A solution of 4.5 g. of hydro- 
eupreine was prepared with 200 cc. of N sodium hydroxide, diluting to 
300 cc. and cautiously adding 14.3 g. of sodium bicarbonate (enough to 
combine with all but 2 equivalents of the free alkali), stirring until clear, 
and chilling to 10-15 °. After slowly adding the diazo solution and stirring 
for 15 minutes, the orange dye was filtered off and purified in the usual 
way, a relatively large amount of acid-insoluble by-products remaining 
on the filter. The purified product was dissolved in boiling alcohol and 
separated on cooling and rubbing. Recrystallized from alcohol it forms 
aggregates of red platelets with an orange luster, which melt at 150.5- 
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1.5 0 to a turbid liquid and yield an orange-red powder when crushed. 
It dissolves in cone, sulfuric arid or in dil. acids with a red-orange color 
and gives a deep red solution in boiling N sodium hydroxide. It is quite 
readily soluble in boiling absolute methyl or ethyl alcohol, somewhat 
sparingly in the cold, but dissolves more easily in cold acetone, benzene, 
or chloroform. 

Subs., 0.1164: 15.3 cc. N (260", 762 mm.). 

Calc, for N, 13.19. Found: 13.05. 

p-NitrophenylflZO-hydrocupreine.—A diazotized p-nitraniline solu¬ 
tion was slowly added to a solution of hydrocupreine prepared in exactly 
the same way as in the preceding case. The brown-orange precipitate 
of the dye was washed with water, sucked as dry as possible, and added 
to boiling alcohol, a portion beginning to crystallize even from the boiling 
solution. Recrystallized from butyl alcohol it forms brown-red. glisten¬ 
ing plates and flat prisms which appear orange under the microscope and 
crush to an orange-red powder. The substance gradually darkens and 
softens above 200° and melts and decomposes at about 220°. It dissolves 
in con c. sulfuric acid or in dil. adds with a red-orange color and gives a 
deep purple solution in boiling N sodium hydroxide. It is rather sparingly 
soluble even in boiling absolute alcohol or dry acetone, somewhat more 
easily in boiling methyl alcohol, and is quite soluble in boiling benzene, 
difficultly in the cold. Cold chloroform dissolves it very readily. 

Sub* , o 1218• 16 3 cc N (25 3°, 761 mm.). 

Calc, for C«Hit 0 4 Ni: N, 15.19. Found: 1532. 
m-Acetaminophenylazo-hydrocupreine.—In the case of m-amino 
acetanilide hydrochloride 1 after coupling was complete the dye was thrown 
out from the deep purple solution by the addition of ammonium chloride. 
As it showed a tendency to run through the filter when washed with water, 
a little ammonia was added to the wash water, inhibiting this tendency. 
The purified substance forms a deep maroon, amorphous powder with a 
greenish reflex which slowly melts from 155 to 180° after preliminary 
darkening and sintering. It gives a brown solution in cone, sulfuric arid 
appearing red-brown by transmitted light, and a deep red color in dil. 
hydrochloric add. It melts under dry methyl or ethyl alcohol and dis¬ 
solves partially, forming deep ted solutions. It is rather sparingly soluble 
in dry acetone but dissolves readily in chloroform. The color in dil. 
sodium hydroxide solution is a deep purplish red. 

Subs., 0.1048: 13.8 cc. N (25.0°, 758 mm.). 

Calc, for CjrHtiCAN,: N, 14.80. Found: 15.04. 

m - Uraminophenylaz0 - hydrocupreine.—m-Aminophenylurea hydro¬ 
chloride* coupled almost at once, forming a deep purple solution from 
* This Joints au, 39, 1448 (1917). 

*M&., 39,’ 1449 (1917). 
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which the dye was precipitated with ammonium chloride as orange Socks 
which tended to form a colloidal solution on washing with water. Addi¬ 
tion of a few drops of ammonia to the wash water di mini shed this tendency. 
The purified dye forms an amorphous powder which darkens and sinters 
above 140° and gradually melts, swells, and decomposes at 165-85°. 
It dissolves in dil. hydrochloric acid with an orange-red color and in dil. 
alkali giving a cherry-red solution. The solution in cone, sulfuric add 
is a deep brown-orange. The dye melts under dry methyl or ethyl alco¬ 
hol and then dissolves, more easily in the former It is less soluble in 
dry acetone or chloroform and only very slightly in boiling water. 

Subs., o 1077: 17.2 cc N {25.0°, 75.-) mm ). 

Calc, for N, 17.72. Found: 18.13. 

p-Aminophenytazo-hydrocupreine. —The acetamino compound (see 
below) was boiled for one hour with 5 parts of 1 : 1 hydrochloric acid and 
the solution diluted, filtered, and made alkaline with ammonia. Re- 
predpitated with ammonia from its solution in very dil. hydrochloric 
add, it separates as purplish brown, amorphous flocks which melt at 155— 
65° with preliminary softening. It is slightly soluble in cold water with 
a purplish color, more easily in boiling water with a brownish red color, 
and yields an orange-brown solution in cone, sulfuric add. An aqueous 
suspension dissolves with a deep red color on adding a drop of acetic add, 
changing to orange-brown with excess of hydrochloric acid. It dissolves 
readily in methyl or ethyl alcohol, acetone, or chloroform, less easily in 
cold benzene. 

Subs., 0.1152: 15.6 cc. N (22.5', 765 mm.). 

Calc, for CuHmOiNi: N, 16.24. Found: 15.75. 

p-Acetaminophenylazo-hydrocupreine. —Precipitation of the dark red 
dye was completed by the addition of ammonium chloride. On diluting 
a methyl alcoholic solution of the purified, amorphous substance with 
water until the initial turbidity just redissolved, and seeding with crystals 
deposited on spontaneous evaporation of a test portion in methyl alcohol, 
the substance crystallized slowly as deep maroon, glistening, microscopic 
rhombs containing 1,5 molecules of water of crystallization, the separation 
being completed by the cautious addition from day to day of small amounts 
of* hot water. The anhydrous substance melts to a tar at 158-62° with 
preliminary Softening. It dissolves readily in methyl or ethyl alcohol, 
or acetone, less easily in benzene. In dil. sodium hydroxide it forms a 
purple-red solution and dissolves in cone, sulfuric acid with an orange- 
red color. 

Sabs., Sir-dry, 0.3677: boss, 0.0201 in vacuo at 80* over H«SO«. 

Cite, for C„H«CbN..i.3HK): HA 5.40. Found: 547. 

Subs., anhydrous, 0.1308: 17.4 cc. N (25.5°, 747 nun.). 

Calc, foe C«HuO»N»: N, 14.80. Found; u.os- 
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p-Uraminophenylazo-hydrocupreine.—The purified dye from p-amino- 
phenvlurea 1 was dissolved in a rather large volume of 85% alcohol and 
cautiously diluted with water until the turbidity just redissolved. On 
standing and rubbing crystallization slowly started and was aided from 
time to time by the careful addition of water. The substance formed 
deep maroon, rhombie crystals accompanied by small amounts of amor¬ 
phous material, but the amount obtained was too small for further purifica¬ 
tion. The anhydrous substance blackens and sinters above 170° and swells 
and chars at about 190°. It melts under absolute methyl or ethyl alcohol 
and dissolves partially, but is not very soluble even on boiling. It is 
sparingly soluble in hot, dry acetone or chloroform, and dissolves in cone, 
sulfuric acid with a deep red color. The solution in dil. alkali is purplish 
red and red in dil. acid. 

Subs , 0.1276. 20.2 ec. N (260°. 756 mm.'). 

Calc, for Ci,IIioO)N e N, 17.72 Found 1799. 

p - Hydroxyphenylazo - hydrocupreine .—p - Benzoyloxy-phenylazo- 
hydrocupreine dihydrocldoride (see below) was dissolved in hot 95% 
alcohol and the solution chilled and treated with 25% sodium hydroxide 
solution, causing precipitation of a portion of the dye as a gum. This was 
redissolved in hot 95% alcohol, added to the main portion, and the whole 
made strongly alkaline with 25% sodium hydroxide. After about 10 
minutes the dark, cherry red solution was poured into water and treated 
with an excess of saturated ammonium chloride solution, precipitating 
the hydroxy dye, which was filtered off and dried. When starting with 
the quantities given below, the yield was 4.0 g. The crude dye was pow¬ 
dered and boiled with dry acetone, crystallizing before all was dissolved. 
After chilling and washing with a little cold, dry acetone the substance 
was reerystallized by dissolving in hot commercial butyl alcohol, cooling, 
adding an equal volume of dry ether, and then ligroin to incipient turbidity, 
filtering, seeding, and letting stand in the ice box. The dye separated as 
spherules of deep maroon, microscopic needles which may be pulverized 
to a dark brown-red powder and retain '/j molecule of butyl alcohol of 
crystallization on drying in vacuo over calcium chloride and paraffin, 
the solvent being given off very slowly even at 100 0 in vacuo over sulfuric 
add. The solvent-free substance gradually melts, blackens and swells 
at 150-60° and is readily soluble in dry methyl or ethyl alcohol with a 
brown-red color. It is less soluble in cold dry acetone, dissolving on boil¬ 
ing with a bright red color. It gives an intense red color in cone, sulfuric 
add, appearing purplish in thin layers, and dissolves in dil. hydrochloric 
add with a bright red, in dil. sodium hydroxide with a cherry-red color. 
A solution in warm io% hydrochloric add deposits the dihydrochloridc 
on cooling as delicate, red needles. 

J Turn TrilmuM,. xo. isn 6 (J917). 
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Subs., dried at room temp , 0.1740: loss, o 0.104 in vacua at 100 0 over HjSO t . 

Calc, for Ci»Hj#OjNt.o.5CiH»OH: 780. Found 813. 

Subs, solvent-free, 0.1265: 14.5 cc. N (240°. 761 mini 

Calc, for C»Hi» 0 ,N,: N, 12.96. Found. 1292 

p - Beozoyioxy - phenylazo - hydrocupreine dihydrochloride.—3.6 g. 
of p-arninophenyl benzoate were diazotized by suspending m a little water, 
adding 5.5 g. of cone, hydrochloric acid, and very slowly dropping in 3.3 
cc. of s N sodium nitrite solution. The filtrate was slowly added to a 
solution of 4.7 g. of hydrocupreine in 120 cc. of N aqueous sodium hy¬ 
droxide, to which 50 cc. of water and 7.7 g. of sodium bicarbonate 
(leaving 2 mols. of uncombined alkali) had been added with vigorous 
stirring. The dye, which separated rapidly, was filtered off, dissolved 
in dil. hydrochloric acid, the solution filtered, and treated with saturated 
salt solution until the initial turbidity just rcdissolved. On seeding with 
crystals obtained by precipitating a portion of the solution with sodium 
chloride and letting stand, the dihydrochloride separated rapidly and was 
washed with 10% hydrochloric acid, dissolved in 50% alcohol, and treated 
with an equal volume of the 10 % acid. On seeding and chilling the di¬ 
hydrochloride separated as minute, orange needles containing 2.5 molecules 
of water of crystallization and dissolving quite freely in water with a red- 
orange color, leaving a trace of insoluble material. The anhydrous salt 
melts, blackens, and decomposes at about 185-95°, and dissolves readily 
in cold dry methyl alcohol, less easily in absolute alcohol. It is sparingly 
soluble in boiling dry- acetone, more easily in dry chloroform. It 
dissolves in cone, sulfuric acid with an intense red color, appearing 
purplish in thin layers, the same colors being observed in the clear 
solution obtained by diluting an alcoholic solution with N aqueous 
sodium hydroxide. 

Subs., air-dry, 0.6)640 loss, u 04S3 in vacuo at room temp, over HtSO< 4- NaOH. 

Calc, for C»HoO«N» *HC 1 j 5H1O Hi<>, 6 89. Found 727 

Subs., anhydrous, 0 1239 100 cc N 1280°, 759 mm) Subs, 02259- AgCI, 

o 0998. 

Calc, for C«H u O»N,. 2 HC 1 K 9 70; Cl, 11 63 Found N, 9 14: Cl. 1093. 

a-Methoryphenylazo-hydrocupreine .—During the coupling the scarlet 
dye separated almost immediately. The purified substance forms a dark 
ted, amorphous powder which darkens and softens above 105 melts to 
<1 tar above 120° and is completely fluid at about s6o°. It is easily soluble 
in alcohol, acetone or benzene, less readily in ether. It dissolves in cone, 
sulfuric add with an intense purplish red color and in dil. acids with a 
redder shade than the phenyl or tolyl compounds. It is soluble in hot 
5 % sodium hydroxide solution with a cherry-red color. 

Subs,, 0.1076 1J.4 cc >5 {30 o°, 752 mm ). 

Calc, for Cj»H,i, 0 5 N<: N, u 55 Found: 12.85. 

3'M*tli6TimliMvil«*« u— t —-•*** 
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♦w-antsidme 1 was dried and ground in a mortar with about 25 cc. of com¬ 
mercial butyl alcohol. The substance dissolved and then quickly crystal¬ 
lized out in a yield of 3.9 g. Recrystallized from butyl alcohol it separates 
as dark red rhomhs with a golden luster, crushing to an orange-red powder 
and melting at 188-90°, with slight gas evolution and preliminary soften¬ 
ing. It dissolves only partially in boiling N sodium hydroxide solution, 
but if dissolved in a little alcohol and then diluted with N sodium hydroxide 
a clear, deep cherry-red solution is obtained. The dye dissolves in dil. 
adds with an orange-red color and in cone, sulfuric add with a deep brown- 
red color. It dissolves readily in cold chloroform and rather sparingly 
in cold benzene but readily on boiling. It is difficultly soluble in cold 
dry methyl or ethyl alcohol, or dry acetone, somewhat more easily on boil¬ 
ing. 

Subs , 0.1202: 13.2 cc. N (24 o', 763 mm ). 

Calc, for CmHjoOiN,: N, 12 35. Found: 12.68. 

4-Methoxyphenylazo-hydrocupreine.—The crude, washed dye was 
warmed with 85% alcohol, rapidly changing to the crystalline form. Re¬ 
crystallized from amyl alcohol it forms deep red, glistening plates which 
decompose with gas evolution above 207°, sintering to a tar, and finally 
mdting at 213-5° whh further gas evolution. It dissolves more freely 
in chloroform than in the other usual solvents, and is readily soluble in 
hot benzene or amyl alcohol, sparingly in the cold. It yields a bright red 
solution in dilute adds and dissolves in cone, sulfuric add with a deep 
purple color, changing to deep red, with a purple fluorescence. 

Subs , 0.1409: 15 o cc. N (21.0°, 754 mm.). 

Calc, for Ct»HjaO,N<: N, 12.55. Found: 12.27, 

2- Ethoxyphenylazo-hydrocupreine.—The yield of the purified dye 
was equal to the hydrocupreine used. It forms a scarlet, amorphous 
powder, less easily soluble in ligroin than in the other usual neutral organic 
solvents. It softens at about 100°, melts gradually above no 0 , and is 
completely fluid at 135-40°. It dissolves in dil. hydrochloric add with 
a bright red color and is slightly soluble in cold N sodium hydroxide solu¬ 
tion, more easily on boiling. The solution of the dye in confo sulfuric 
add is deep reddish purple by reflected light and purplish red by trans¬ 
mitted light. 

Subs., 0.1146; 12.5 ec N (31.0', 758 mm.). 

Calc, for CtiHnOjN,: N, 12,17. Found: 12.22. 

tr 

3 - Ethoxyphenylazo-hydrocupreine.—The yield of the purified dye 
was slightly less than the amount of alkaloid uaed. It forms an orange- 
red powder which is less easily soluble in ligroin or ether than in the other 
usual neutral organic solvents. It is partly soluble in the cold in N 
sodium hydroxide solution and dissolves in dil. hydrochloric add with a 

1 T«i« Tniruu*! jit. fioroV . , • '* l'*t 
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deep orange-red color. It gives a deep, brown-red color in cone, sulfuric 
acid. The substance sinters and darkens above 75 °, melts slowly above 
90and is completely fluid at about 125°. 

Sube., 0.1113: 11.7 cc. N <27.0°, 758 mm.). 

Calc, for CjtHiiOiN 4 : N, 12.17. Found; u.93. 

4-Ethoxyphenylazo-bydrocupreine.—A ligroin solution of the purified, 
amorphous dye deposited the compound on standing as microscopic 
rhombs. However, the dye may be obtained as large, almost black 
rhombs by dissolving in hot 85^ alcohol, cooling to o', diluting very 
cautiously with water until the initial turbidity just redis.se/lves, seeding, 
and letting stand in the ice box. The crystals weathered in the air, prob¬ 
ably owing to loss of water of crystallization. The pulverized crystals 
form a bright red powder, and, when anhydrous, darken and soften above 
100 0 and melt at 156 -61 0 when the bath is slowly heated. The substance 
melts when plunged into the bath at 130°. It dissolves in dil. hydrochloric 
acid with a bright red color, and is soluble with a purplish red color in hot, 
dil. sodium hydroxide solution. It dissolves quite easily in the usual 
neutral organic solvents with the exception of ligroin. The deep red 
solution in cone, sulfuric acid appears purple in thin layers and fluoresces 
purple. 

Subs., o 1369- 143 cc. N (215°, 7 -iS mm ). 

Calc, for C„lI» 0 ,N, N t , 12 17 Found 1203. 

3,4-Methylenedioxy-phenylazo-hydrocupreme.—The dried, purified 
dye was dissolved in hot, dry acetone and the cooled solution filtered from 
a little insoluble matter and seeded with crystals obtained by allowing 
a test portion to stand in ~,o r [ alcohol. The substance separated on 
standing, the process being made more complete by the addition of small 
portions of water from time to time. As obtained in this way it forms 
deep maroon, apparently microcrystalline crusts which melt at 177-84° 
with slow gas evolution and slight preliminary darkening and softening. 
It dissolves in cone, sulfuric acid with an iutense blue color and in dil. 
acids with a deep red shade. A suspension in boiling N sodium hydroxide 
solution dissolves only incompletely, but on diluting an alcoholic solution 
with N sodium hydroxide a clear, deep red solution is obtained. It dis¬ 
solves easily in cold chloroform, less readily in the cold in dry methyl or 
ethyl alcohol, dry acetone, or benzene, but more freely on boiling. 

Subs., 0.1255; ‘.ui cc. N (24.5°, 763 mm,). 

Calc, for Cj»Hi»0 4 N 4 : N, 12. 17 - Pound: 12.02. 

34-Dimethoxy-phenylazo-hydrocupreine. —Analysis showed that the 
usual purification process was insufficient. The dye was accordingly 
dissolved in acetone and treated with ligroin until about 10% had been 
precipitated as dark flocks. The mixture was filtered and the filtrate 
shaken out with water. The ligroin layer, from which most of the dye 
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had separated, clinging to the walls of the separatory funnel, was shaken 
out with dil. hydrochloric acid and the solution filtered, diluted to large 
volume, and the dye precipitated with dil. ammonia. It forms a red, 
amorphous powder, which darkens above 90 °, begins to melt at about 
no°, and is completely fluid at about 180 0 . It dissolves in dil. acids 
with a bright red color, in dil. alkali with a cherry-red color, and is readily 
soluble in the usual neutral organic solvents with the exception of ligroin. 
The solution in cone, sulfuric add is an intense red-violet in thick layers, 
and blue-violet in thin layers. 

Subs., 0.1028' 10 8 cc. N (.100”, 753) 

Calc, lor C,tH h O,N,: N, 11.76. Found: 11.77. 

3-Methoxy-4-ethoxyphenyla20-hydrocupreine. —Purification of the 
dye (from hydrocupreine and diazotized 3-niethoxy-4-ethoxyaniline') 
by the usual process failed to yield a pure product, so the dye was dissolved 
in a small volume of dry acetone and freed from a dark, flocculent impurity 
exactly as in the. case of the dimethoxy compound. It forms a deep red 
powder which begins to darken and soften at about 80 gradually melts 
above ioo°, and is completely fluid at about 135°. It dissolves readily 
in the usual neutral organic solvents except ligroin, and is soluble in dil. 
sodium hydroxide with a cherry-red color and in dil. acids with a deep 
red color. The solution in cone, sulfuric acid is an intense violet, appear¬ 
ing blue in thin layers. 

Subs, 0.1003. 6-8 cc. N (21 5 0 , 766 mm ). 

Calc, for CmH m O«N,. N, 11 43. Found. 11 41. 

4 - Methoxy - 5 - ethoxyphenylazo - hydrocupreine.—4 - Methoxy - 5- 
ethoxyaniline* was diazotized, coupled with hydrocupreine, and the pro¬ 
duct purified exactly as in the case of its 3,4-isomer. The yield of dark 
red, amorphous product was 80% of the alkaloid taken. It was not en¬ 
tirely soluble in dil. sodium hydroxide solution and dissolved in dil. acids 
with a deep red color. It is less easily soluble in ligroin or ether than in 
the other usual neutral organic solvents.. The dye dissolves in cone, sul¬ 
furic add with an intense violet color, appearing redder by transmitted 
light than by reflected light. It softens and gradually melts above 75 °, 
becoming completely fluid at about 120°. 

Subs, 0.1308: 12.6cc N (233°, 769 mm.). 

Calc, for CmHmOjN,- N, 11.43. Found: 11.23. 

3,4 - Dimethoxy - 6 - carboxyphenylazo - hydrocupreine.— After 
coupling 6 -aminoveratric add* with hydrocuprdne in the usual way tire 

1 Tms Journal, 41, 1461 (1919). 

* Ibid ., 41, 1462 (1919). 

• this substance, which does not seem to have been previously described, was 
prepared by nitrating methyl veratrate in acetic acid solution with fuming nitric acid, 
reducing to the amino ester (cl. Zincke and Franck*, Ann., 293, 190 (1896)) with » 
solution of stannous chloride in methyl alcoholic hydrochloric add, diluting with ice and 
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deep red solution was treated with ammonium chloride, precipitating the 
dye (not the salt in this case) as a brick-red amorphous precipitate. This 
was purified with the aid of dil. hydrochloric add and the filtrate treated 
with sodium acetate solution. The dye forms a deep maroon powder 
which, when rapidly heated to 235 °, then slowly, melts and decomposes 
at 236°. It is rather difficultly soluble in the usual solvents and dissolves 
in dil- hydrochloric add with a cherry-red color and in dil. sodium hydroxide 
with a somewhat brighter red shade. The color in cone, sulfuric add is 
an intense violet. 

Subs., 0.1224. 11 4 ce N (27 0°, 757 mtn ) 

Calc, for Ci»H« 0 *N 4 N. 10 77 Found 10 5O 

0 - Phenylglycollic acid - p - azohydrocupreine, p - HOiC.HjC.O.- 
C«H«N : NCi*Hi»OsNt.—The deep purplish red solution obtained on 
coupling p-aminophenoxvacetic acid 1 was acidified with a slight excess 
of acetic add and the deep red predpitate filtered off and heated with 
85% alcohol. The substance began to crystallize but dissolved entirely 
on adding suffident boiling &5 r j alcohol. The solution was diluted with 
about l /i volume of water, treated with a few drops of acetic add, and 
seeded, and the product recrystallized from so'/i alcohol, separating 
rapidly on seeding the cooled, supersaturated solution as brilliant, red 
needles containing 4 molecules of water of crystallization. An aqueous 
suspension dissolves only on adding a considerable excess of acetic add, 
but dissolves easily on adding a drop or two of dil. sodium carbonate 
or hydroxide with a purplish red color, dianging to orange-red on addition 
of hydrochloric add. When rapidly heated to 195°, then slowly, the an¬ 
hydrous acid darkens, softens, and sinters, finally melting at 199-200 0 
with decomposition. It dissolves readily in chloroform or acetone, spar¬ 
ingly in dry methyl or ethyl alcohol, and gives a deep red color in cone, 
sulfuric add, appearing purple in thin layers. 

Subs, air-dry, o ,1940: loss, o 0496 in vacuo at nx>' over HiSO, 

Cole for C«,Hj<iO»N«. 4H»0 HrO, 12 82 Found 1258. 

Subs , anhydrous, o 1235' '* <> cc N (23 5 0 , 752 mm.> 

Calc far N. 11.43. Found n 62 

tn - Carboxamido - pheuylazo - hydrocupreine, m - H»NOCC,H t N :- 

w.iter, and extracting the amino ester after making alkaline Saponified with alcoholic 
Midium hydroxide on the water bath and evaporated, this yielded the acid as a moss 
of needles after diluting with water and acidifying with acetic acid. Rccrystaffiwd 
from ethyl acetate, it forms almost colorless, thick plates which dissolve with difficulty 
m boiling water and ate somewhat more readily soluble in acetone than in the other 
neutral organic solvents. When rapidly heated to 185', then slowly, it effervesces 
■<t 186'. An aqueous suspension gives an indigo-blue color with ferric chloride. 

Subs., 0,1439: 9.2 cc. N (24 o', 753 mm ). 

Cak. for C,HuO<N: N, 7.11. Found: 7.07. 

1 This Journal, 39, 2196 (1917). 
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NCuHnOjNi.—Jhe dye from w-aminobenzamide 1 was purified in the usual 
way, forming an amorphous powder which sinters and darkens above 
135 begins to melt at 160°, and is completely fluid and decomposes at 
about 195 °. It dissolves readily in alcohol, less easily in dry chloroform 
or acetone, or benzene, and dissolves in N sodium hydroxide solution 
with a deep cherry-red color. 

Subs , o 1077 14JCC N (24 o°, 757 mm ) 

Calc for C»H»,OiNi N, 1525 Found 1509 

On rubbing the base with 1 1 hydrochloric add it dissolves and 

the solution soon deposits the dihydrochlonde as aggregates of flat, orange- 
red, microscopic needles 

j>-Sulfophenylazo-hydrocupreine.—Sulfamhc acid coupled practically 
instantaneously with hydrocupreine under the usual conditions. Sat¬ 
urated ammonium chloride solution was added at the end in order to free 
the hydroxyl group. The scarlet sodium salt predpitated immediately, 
the amount increasing slightly on addition of sodium chloride. After 
washing with saturated sodium chloride solution a portion was recrystal¬ 
lized from water, separating on gradual cooling as glistening, scarlet 
rhombs and prisms which soon lose a portion of their water of crystalliza¬ 
tion on air-drying, turning a darker red and coming to equilibrium with 
3.5 molecules of water of crystallization The salt dissolves in water with 
a deep brown red color, changing to cherry-red on adding alkali Dilute 
aqueous solutions give slow-forming, red rhombs of the calcium and barium 
salts. 

Subs, air-dry, 05788 loss, 00618 »» vacuo at 80“ over HjSO« 

Cafe for C»Hir 0 1 N«SNa 3 5H1O HjO, 10 85 Found 1068 
Subs , anhydrous, 01213 112CC N (.‘4 5 ", 764 mm ) 

Calc for CuHi7CiN,SNa N, 1081 Found 1065 

A portion of the crude salt was dissolved in much hot water and acidified 
sltghtly with acetic acid, the free sulfonic acid soon separating as brilliant, 
brown-orange leaflets Recrystallized from 50% alcohol it separates 
slowly as gleaming, red prisms containing 3 molecules of water of crystal¬ 
lization and dissolving with difficulty in boiling water. The anhydrous 
add, when rapidly heated to 250 then slowly ,melts and decomposes at 
252 0 with preliminary darkening and softening It dissolves in sulfuric 
add with a red-orange color, and is appredably soluble in dry methyl 
alcohol, less readily in absolute alcohol or dry chloroform. An aqueous 
suspension dissolves readily in <2x1. mineral adds, but only on adding a 
large excess of acetic add. 

Subs , air-dry, o jij8 loss, o 0500 m vacuo at 100* over HtSOi 
Calc for CuHnOtNtS 3 Hj0‘ HjO, 98a Found 4 970 
Subs, anhydrous, o 1293. 12 6 cc. N (26,0*, 762 mm.). 

Calc, for CbHuOiNiS: N, n 29. Found- 11.16. 

> This JomuiAL, 39, 1438 (1917). 
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m - Sulfonamido - phenylazo - hydrocupreine, m - HjNOjSCjHjN:- 
NCj*HjjOsNs.—A s obtained by the ordinary process of purification the 
dye from m-aminobenzene.-sulfonamide 1 was still impure and it was ac¬ 
cordingly dissolved in acetone and fractionally precipitated with ligroin, 
rejecting the first portions. The last fractions were dissolved in dil. 
hydrochloric add and reprecipitated with ammonia, but the percentage 
of nitrogen was still low. The orange-brown, amorphous dye softens and 
sinters above 140gradually melts above 170°, and is completely fluid 
at about 190®. It dissolves in cone, sulfuric add with an orange-red color, 
in dil acids with an orange color, and in dil. sodium hydroxide with a deep 
cherry-red color. 

Subs., o 1018 12 2 cc N (305°, 757 mm ). 

Calc for CuHitfVN’jS' N, 14.13. Found- 1343. 

p-Sulf onamido-phenylazo-hydroc upreine.—The dye obtained from 
p-aminobenzene .sulfonamide 1 was purified in the usual way. It forms an 
orange-brown amorphous powder which gradually melts above 155° 
and is completely fluid at about 190°. It dissolves in cone, sulfuric add 
with a brown-orange color, in dil. adds with a red-orange color, and gives 
a deep cherry-red solution in dil. sodium hydroxide. It is readily soluble 
in alcohol, sparingly in tienzene. 

Subs , o 1321- 15 7 cc. N (21 0°, 750 mm ). 

Calc, for C«iHitO < K ( S N, 14.13 Found- 1362. 

Quino!yl-6-azohydrocupreine.—The crude dye from 6-ammoquinoline 
crystallized suddenly when warmed with 85% alcohol. Recrystallized 
from amyl alcohol it separated slowly as aggregates of bright red, glistening, 
lenticular platelets with a golden reflex. When rapidly heated to 230°, 
then slowly, the substance melts and evolves gas at 232-4°, with prelimi¬ 
nary softening and darkening. It dissolves readily in chloroform or boiling 
amyl alcohol, and is rather sparingly soluble in boiling alcohol, acetone, or 
benzene. An aqueous suspension does not dissolve on adding dil. sodium 
hydroxide, but an alcoholic solution, diluted with N sodium hydroxide, 
gives a clear, cherry-red solution. The solution in cone, sulfuric acid is 
reddish orange, while the color in dil. adds is orange-red. 

Subs., 0.1342: 17.1 cc. N (22.5°, 752 mm )- 

C-ak. for ChHhOjN,: N, 14.98. Found: 14.57. 

(B) Azo Dyes Derived from Hydrocupreidine. 

Phenylazo-hydrocupreidine. —13 g. of hydrocupreidine* were coupled 
with diazotized aniline in the usual way, completing the pretipitatkm of 
the dye with ammonium chloride, and purifying by solution in very dilute 
hydrochloric had and repredpitation with ammonia. The yield was 13.9 

* This Joornm,, j®, 2428 (1917). 

' Ibii., 39, 24)9 

• Mi., 41,8*7 (1919). 
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g. When the amorphous product is dissolved in hot acetone it soon begins 
to crystallize and a portion for analysis was filtered from the hot solution, 
as the fractions deposited on cooling were accompanied by alittleamorphous 
material. Recrystallized from alcohol it separates slowly on seeding 
as a hard crust of gamet-like rhombs which melt at 183-5 ° with slight 
preliminary darkening and softening. The substance forms a scarlet 
powder when crushed, and is appreciably soluble at room temperature in 
alcohol, methyl, ethyl, or amyl alcohol, or acetone, more easily on boiling. 
It dissolves readily in chloroform or benzene, and gives a reddish orange- 
brown color in cone, sulfuric acid. 

Subs, (lino 114 cc N 1.225°, 772 mm) 

Calc for CuHiiiOtN, N, 13 40 Found 13 11. 

The Dihydrochloride.—When the amorphous, purified base is dis¬ 
solved in not too little dry acetone and treated with an excess of cone, 
hydrochloric acid the dihydrochloride is obtained as an amorphous pre¬ 
cipitate which crystallizes almost immediately. The salt was filtered 
off, moistened with 1 : 1 hydrochloric acid, and treated with dry acetone, 
filtering again and washing the orange-red platelets with dry acetone con¬ 
taining a drop of cone, hydrochloric acid. The air-dry salt contains 4 
molecules of water of crystallization and is readily soluble in water. After 
drying t« vacuo at room temperature over sulfuric arid and crushed alkali 
it turns a bright red, and, when rapidly heated to 215°, then slowly, de¬ 
composes at 220-1 0 , with slight preliminary darkening. It is readily 
soluble in dry methyl alcohol, less easily in cold chloroform, and dissolves 
with difficulty in cold absolute alcohol, more readily on wanning. 

Subs , air-dry, o 6078 loss, o 0788 

Calc, for C»H ; , 0 »N, 2HCI 411/7 H,C>. 12 84 Found- 12.97. 

Subs, anhydrous, 01332 n 2 cc N (110°, 760 mm.). Subs, 01841: AjCl, 
o 1074 

Calc for CuHmOjN’ 42HCI Is, 11 43, Cl, 14.49 Found- N 11.48; Cl, 1443. 

a-Naphthylazo-hydrocupreidine .—The purified dye was recrystallized 
first from alcohol, then from a small volume of amyl alcohol, separating 
as tufts of deep red, hair-like needles which melt at 132-40° with prelim¬ 
inary darkening, softening, and sintering. It dissolves very easily in 
chloroform or benzene, somewhat less readily in dry acetone, and sparingly 
in cold methyl or ethyl alcohol, more easily on boiling. It dissolves in 
cone, sulfuric add with a deep blue color, in dilute adds with a red shade, 
and gives a dull red color in dil. alkali. 

Subs., 0.1210: 13.0 cc N (23.5°, 761 n&a,). 

Calc, for C»HmO«NV N, 1202. Found- N, 12.28. 

p-Kitrophenylazo-hydrocupreidine.~Hydrocupreidine and diazotized 
p-nitraniline were coupled exactly as in the case of hydrocupreine 
{see p. 2136). The crude dye was purified in the usual manner and then 
crystallized readily when dissolved in boiling alcohol and allowed to cool. 
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Recrystallized from alcohol it separates on seeding, after cooling and 
filtering from a small amount of an amorphous impurity, as spherules 
of red microcrystals which melt to a tar at 135-9° and become completely 
fluid at 155-60°. It dissolves appreciably in cold methyl or ethyl alcohol, 
quite readily on boiling, and is very easily soluble in cold chloroform, 
acetone, or benzene. It dissolves in cone, sulfuric acid or dil. acids with 
a red-orange color, and in hot dil. N sodium hydroxide with a deep purplish 
red color. An alcoholic solution also gives a dear, deep purple solution 
when diluted with N sodium hydroxide. 

Subs.. 0.1192: 15.65 cc. N (27.5°, 764 mm). 

Calc, for CaHirOiK*: N, 15.19. Found 15.00. 

p-Sulfophenylazo-hydrocupreidine.—This substance was prepared in 
the same way as its hydrocupreine isomer. As the crude sodium salt 
showed no tendency to crystallize it was dissolved in enough hot water 
to give a clear solution and acidified with acetic acid, seeding with crys¬ 
tals obtained by strongly acidifying a cone, test portion with acetic acid. 
Kecrystalliz.ed first from water, then from 50' ' r alcohol, the sulfonic acid 
separates slowly on seeding as minute orange-red crystals containing 5.5 
molecules of water of crystalliz.ation, and dissolving appreciably in cold 
water, more easily on heating. The anhydrous substance is a darker red 
and, when rapidly heated to 245 °, then slowly, it decomposes at 247 °, with 
preliminary darkening and softening. It dissolves in cone, sulfuric or dil. 
acids with an orange color and in dil. sodium carbonate with a brown-red 
color, becoming more purple on adding sodium hydroxide. It is quite solu¬ 
ble in dry methyl or ethyl alcohol or chloroform and appreciably in cold, 
dry acetone. 

Subs., air-<lry, 0.5397' loss, 00553 in vacuo at 100° over HjSCh. 

Calc, for Cj»H,iO»N*S, 5-sHjO HjO. 16.64. Found' 16.28. 

Subs., anhydrous, 0.1204: 11.7 cc. N (24 s' 1 , 762 mm.). 

Calc, for C„Hj,O t N t 3: N, n 29 - Found. 11 . 18 . 

(C) Derivative of 6-Hydroxyquiaoline. 

Phenylazo-6-hydroxyquinoline .—Aniline was coupled as in the case 
of the phenolic alkaloids with an alkaline solution of 6-hydroxyquinaline. 
Precipitation of the dye was completed with ammonium chloride and the 
crude product recrystallized twice from alcohol, separating as minute, 
narrow, red leaflets which melt at 160-1.5° with slight preliminary soften¬ 
ing, crys tallizin g again on cooling. In its solubilities, color reactions, and 
dyeing properties it resembles the corresponding Uydrocupreine and hydro- 
cupreidine compo unds. The substance was first prepared by Mathfius, 1 
who, however, gives no melting point. 

Subs., 0.1297: I9-S «. N (28.5°, 762 mm.). 

Calc, for Ci jluON«.' N, 16.87. Found: 16.81. 

N»w Vote, N. V. 

1 Set., n, 1642 (1888). 
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NEW BOOKS. 

Organic Chemistry for Advanced Students, and edition. By Juwus B. Cohen, 
Ph.D., B.Sc., F.R.S., Prof, of Organic Chemistry in the University of Leeds. 
Edward Arnold, London, 1918. In 3 volumes Part I. Reactions, viii + 
366 pp. Part II. Structure, vii 4 - 435 pp. Part III. Synthesis, vii + 
378 pp. 14.5 X 22.5 on. $5.50 net for each of the volumes. 

Prof. Cohen has recast his well-known "Organic Chemistry for Ad¬ 
vanced Students" in three volumes in order “to group together allied 
subjects and to link them as far as possible in a consecutive form." He 
has also enlarged it by some 160 pages but without changing the character 
of the book—the additions being fairly uniformly distributed over the 
various chapters for the purpose of bringing the subject matter up to date. 

By the new arrangement Volume I contains the chapters: "Historical 
Introduction," "Valency of Carbon," "Nature of Organic Reactions,” 
"Dynamics of Organic Reactions" and "Abnormal Reactions;’’ Volume 
II, the chapters “Physical Properties and Structure," “Color and Struc¬ 
ture," “Isomerism and Stereoisomerism,” "Stereochemistry of Unsaturated 
and Cyclic Compounds," “Stereochemistry of Nitrogen," "Isomeric 
Change,” “The Benzene Theory;” Volume III, the chapters on “The 
Carbohydrates,” “Fermentation and Enzyme Action,” “The Purine 
Group,” “The Proteins,” “The Terpenes and Camphor,” “The Alkaloids.” 

Each volume is complete with indexes of subjects and authors. 

E. P. Kohujr. 

Organic Chemistry, or Chemistry of the Carbon Compounds. By Victor von Richter 
(edited by Prof R Anschutz and Prof G Schrocter), Vol I, Chemistry of the 
Aliphatic Series Newly translated and revised from the German edition (after 
Prof. Edgar F. Smith's third American edition) by Percy E. Spielmaun, Ph.D.. 
B.Sc., F.I.C., A. R. C. Sc. 2nd (revised) edition. P. Blakiston's Son & Co., 
Philadelphia, 1919. xvi -f 719 pp., n %g, 15.5 x 23 cm. Price, $3.00 net 

This book which represents the second edition of the English transla¬ 
tion of the latest German original differs from the first edition in that the 
misprints which inevitably creep into a volume containing such a large 
number of formulas and figures have been corrected. It is hardly neces¬ 
sary to mention the great value of this book so well known to every student 
of organic chemistry who has passed the elementary stage. For those 
not acquainted with it, however, it may be described briefly as an advanced 
and extensive treatise on the aliphatic series. The various classes of com¬ 
pounds in this field are discussed in a general way and the important 
members of each class are taken up in more detail. The theoretical as 
well as practical side of the subject, is considered and original references 
are given. It is a volume that may be highly recommended to any one 
who has a real interest in organic chemistry, to be used either as an ad¬ 
vanced teat-book or more usually as a general reference book. 

Books Adams. 
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Adams, L. H. See Hsil, R. E. 

Adams. L. H., Williamson, E. D. and Johnston, J. Detn. of the compressibility <rf solid* at 
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Adams, R. AJkall-insol phenol*.. 247 

Adams, R. and Rtwovcsr, R. E Cyclic ethers from o-allyl phenol*—methylene coutnarane*... 648 

Adams, R. and Voastntss, V. Or*, chtm, reagents (IV) prepn of alkyl iodides. 789 

Adkins. H. See Evans, W. L 
Am.BR, L See Mtclooes, D. A. 

Armitaok, F. P. Chemistry—First Stage (book rev.). 130 

BALDWIN. M. E. See Sherman. H. C.; Thomas, A. W. 

Bancroft, G. R. Prepn. and hydrolysis of esters derived from the substituted aliphatic ales.. 424 
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B it bold, P. M See Nelson, J. M. 

JUoRlow, L. A. Side chain oxidations with KMnOi. 1559 

Biros, R. T. ano Acrr«, S. F. Quinone phenolatc theory of indicators—spectropbotometric 
method for measuring the concns of the quinoidal and lactoidal salts and the eqtiil. and 

affinity const* of the pbenolpbthalcins and phenolsulfonephlhaleins. 103! 

Blair, A. J. Chem Analysis of Fe (book rev.). 1315 

Bock, J, C. Permanent marking of glass vessels. 359 

BocRsT, M. T. and Rhrucm. J. Unique case of a liquid that exhibits a min »oJy. in an un¬ 
stable region, 741; sytthesls of certain substituted pyrogallol ethers, Including a new aceto- 

phene tide derived from the ethyl ether of syringic acid. 798 

Hoosry, M T. and Harris, C. F Synthesis erf some homolog? of the terpcncs, derive. of 1,4-dP 

iaopropy Icy cl obexaoe... 1676 

UocrrT, M- T. and Marcus. J. K. Synthesis of sminoflavones, of fiavone-aro-d-naphthol 

dye*, and of other flavoae deriva. 83 

IfoCBRT, M. T. and SCaTCHARd, G. Quioaxolines (XXXIV) synthesis of certain oitro- and 

aminobeneoyiene ureas and some coni pda related thereto. 2052 

Bob*. R. T. See Kelley, G. L. 

Horgrtrom, p. See Porter, C. W. 

BoyBR. S. See Richards, T. W. 


Rracrwrll, R. S. Mol. mechanists of codoidal behavior (HI) chem nature of the adsorption 
of add* and alkalies by the protein mol , 1511, see Tolman, R. C. 

Braham, J. M. Some pbys. properties of maonite and its aq solos.. 1707 

Bray, W. C.. SdipIom, M. B. and MacKrmzir, A. A. Volumetric detn. of hydro*ylamine . .. 1363 

Brinton, P. H. M.-P, Single deflection method of weighing.-.. • • ■ 1151 
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Britton, E. C. See Hale, W. J. 

Brook*, A. P. Sea Totman, R. C. 

Brown, F. B. See Harklna, W. D, 

Brown, O. W. and Carrier, L. L. Catalytic prepn. of the amktopbenota and the pbeaykoefB- 

amine*........ 436 

Brown*. A. W., Rout**, M. ft and Kino. J. S. Behavior at the hydronitrogen* sad their 

deriv*. in liquid KHi (VI) electrolytic oltiidstka of various anode* in a *pln. of KBtNi.... 1769 
Brown*. C. A. Cosnpn. and calorific value of drupe and molasses derived from sugar cane.... 1432 
Browwwo, P. B. See Porter, L. R. , 

Bdckmar, G. D, Translocation of the mineral wmsUtuenU of the jack bean, 282; coop*, of 


th* ash of crab gnus as aflteted hy tb* soil to which it is grown.... 13*4 

Bonyumi, ft N. See ScMeatoger, H. 1. 

B «aow», H. A. bee Mueller, ft. F. 

Bv **a, H. G, and Trane, C. W, PaarirttyofCo..... 

Cadwru£, ft M. and Laavxll* O. Detn. of Au ( sepedally in animal tissue....» 1 

Caldwaix, If. L. Sac Sherman, R. C. 
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Sencaldehydc, condensation with phenylurea.. 335 ^ 386 

0>Beai*l'0-nitro-etby] tertiarybutyl ketone. 1703 

Bentew, ituftcc tension, 499; adsorption of the interface water-, as compared with that on 

surface of the water, 990; effect of pressure, and of dissolved air and water on the m. p. of. 2019 

Benzoic acid, iodiniiation of. 294 

Benxoylacrylic acid, methyl eater of, addition of Na nitronsethane to, 767; ester, prepit. of... 768 

2-Ben*oyiatnino-4, 6 -dibromophenyl acetate . 2077 

2-BenzoyUmino-4-siethyl-6-broxnopheoyl acetate. 2071,2074 

2 -Bentoylamino-pbenyl acetate.... . 2078 

Bentoyl-p-bromo-o-ollylphe-nol, and derivs. 660 

2>Bextzayl-4-brotno-3,5-dtphenyifurane. ... ... 1262 

2-Benzoyl-1,3-diketohydrtudene.1223 

2-Benzoy]-3,5-dtpbenylfurane . 1262 

Benzoyl erne-urea, and Na Balt. 2056,2058 

2-Bettxoyl'O ethylanuno-2-t>cnzoyl-'r-ethylimino-ff-nitr©propylene .1024 

7- Benzoyl-0-ethylamino- a-nitro-acrolein.1024 

Benroyipbenyl-dimethyl butyrate, prepn of. . 686 

1- Betiroyl-2-phenyl-3-nitJOcylcopropane. . .... .1381 

e«Ben*oy!-0-phenylpropyl-malomc add, and dimethyl ester . 995,996 

e-BenwyyV'ff-pbmylvaleric acid, and Me ester. 996 

Bcaxoylpropionic acid, prepn of. . . . .. 768 

Benzylaruiniiic acid, substituted . 1826 

2- Beu*yl-3,5-dlpheny furane. 1262 

Beazyliden-anilitte, condensation with isocyanic acid 384 

Benzylidetteliisphenylureide 385 

Benzylldeoe-ethytamine, condensation of tsocyanic add aad . 387 

.VBenxyt-5-tertiarybutyl-boxazole 1703 

5-BenxyI-3-tertiarybutyl-isoxazole. 1703 

Biography, James Woodbouse (Smith, book review). . 710 

Biuret... 1006 

Roiling. «»e of cool as a substitute for talcum to induce rapid.1189 

Boiling points, detn. of solns., 721; laws of "coned " solos.—general b. p. law. 729 

Books, N«or: R a views—C hemistry—First Stage (Armitage), 130, Lab. Manual of General 


Chemistry (Hendrixson), ]30; Annual Chem. Directory of the U. S (Lovelace and Thomas), 
296, Chem. French (Dolt), 474, Hindu Achievement* in Exact Science (Sarkar), 475; 
Edible Oils and Fats (Mitchell), 476, Color in Relation to Chem Constitution (Watson), 
710; James Wood bouse, a Pioneer in Chemistry (Smith), 710, Graphical and Mechanical 
Computation (Lipka), 711; Chemistry of Food and Nutrition (Sherman), 847; Methods of 
Measuring Temp (Griffiths), 850; New Science of the Fundamental Physic* (Strong), 851; 
History of Chemistry (Moore), 853; Lecithin and Allied Substances, the Upines (MacLeaa), 
855; Helvetica Chiuaica Acta, 1150; Chemistry in Old Philadelphia (Smith), 1313; Eaaentiada 
of Modern Chemistry (Dull), 1314. Chem. Analysis of Fe (Blair), 1315; Advanced Course in 
Quant. Analysis (Fay). 1472, System of Phys. Chemistry (Lewis), 1474; Textbook of Physi¬ 
cal Chemistry (Lincoln). 1475; Chemistry in Old Philadelphia (Smith), 1704; 
Intermediate Text-book of Chemistry (Smith), 1704; Introduction to Org. Chemistry (Stod¬ 
dard), 1705; Prepn. of Substances Important in Agriculture (Peters), 1876; Introduction i 
la Chimi* Gfnktle (Copaux). 1877, Chimica delle aostanxe explosive (Giua), 1878; Org. 
Chemistry for Advanced Students (Cohen), 2148, Org Chemistry, or Chemistry of the C 


Compd*. (Richter),. 2148 

Bromtaatfon, of certain ketonic esters. 683 

2- Bromo-5-a minophcnol. 464 

7 ,-pBromobenxoyl-6-pheuylpropyl-malonk acid, dimethyl ester. 997 

7 »T*Bromobeo«oyl-ff-phenylvaleric acid.* ■ ■ • 996 

5-Bromohensyf <3-tertiary butyl-iaoxozole. 1704 

^-Bromo-wbromoiaethyl-coumarane. 658 

2-Bromo-5-chlonacetyl-aminopheaol. 464 

B-Bromoctnnaniic add. Me ester. 99 

2-Bromo-3,3'dlmethwy-4-tthoxy acetanilide.*. 806 

J>-Bromodi methyl a nfihae, org. Hg compd*. derived from.. *. 1841 

d'Braao-ethylphetiyl ether, coumarane from.. * • ..... 670 

^ZtaMno»fodobeamme. ....*.. *94 

2-Brontojugkme....*.* • ■ - 8W 

^-Bromo-a-methylcoumarane. 657*66! 

<»-Bromametfayl-cosunarane... 655 
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^-JBromo-u-mffthylene-coumanuie..... ...... ... 06) 

a-Bromometbylene--couniaratte. 606 

Bromopaconol, and derive.......261, 262 

P-Bromopheool, dcrivs. of.... 660 

Bromopbeoyinitro-ethylmalonic add, methyl ester of.... 767 

y-Bromopropylphenyl ether, c hr o mane from .... 669 

Bnwno- resodiacetophenone.. 267 

Bumping, use of coal as a substitute for talcum to induce rapid boiling,... 1109 

S -Butyl iodide, prepn of.... 790 

Butyric acid, molar activity and the assocn of, in the vol phases, 988; volatility with steam 

In dil- aq. soln..... 1946 

CADMIUM, potential of the, electrode.... 1707 

Cadmium acetate, addition compd, with quinoline... 1028 

Cadmium alizarate.. 2082 

Caffeine, detn. in vegetable material, 1298, Hex womitona as native source of. 1307 

Calcium formate, transference number in anhydrous formic acid. 1934 

Capillary height method, surface tension of water and benzene by.>. 499 

Capsaicin, constitution of...1115, 1472 

Capsicum, pungent principle of. 1115 

Carbetboxybiuret. 1005 

2-Carbethoxy-0-ethylamino-<i-mtroacrolein. 775 

2-Carboraethoxy-/S-ethylamino-a-nitroacroleia. 776 

Carbon, combination of asymmetric N with asymmetric, and N atoms. 634 

Carbon monoxide, detn. in air. 1908 

Carbonyl derivatives, relations between the chetn. structures of, and their reactivities towards 

salts of semtearbazide.. . ... 393 

Carbonyldi-^-naphthyldiurea . .. ... ,... 101J 

Carbonyl di are thane . 1004 

o-Carboxy-a-bromomethylene-eoumarane. ... .. 664 

o-Carboxy-ff-njethyleae-comnaranr. 664 

Carvacrol-5-sulfonic acid, action of Cl on. 2034 

Cascara..... 703 

Casein, compressibility of aq. aolns. of. . .. 346 

Catalysis, neutral salt. 1092 

Catalysts, influence on the chlorination of hydrocarbons... J20 

Cerium, detn. of, in the presence of other rare earths.... 1080 

Chemical compounds, mechanism of cbem. action and the structure and properties of. 887 

Chemical constitution, relations between the, of carbonyl denvs. and their reactivities toward 
salts of semicai boride, 393; Color in Rclatiou to (Watson, book review), 710; new theory 
relating, to taste, 855, 1378; pbthalic acid dcrivs — and color ...J289, 1293 


Chemistry, First Stage (Axmilage, book review), 130; Lab. Manual of General (Hendrutaon, 
book review), 130; History of (Moore, book review), 653; Helvetica Chwiica Acta (book 
review), 1150; in Old Philadelphia (Smith, book review) 1313, 1704; Essentials of Modern 
(Dull, book review), 1314; Intermediate Text-book of (Smith, book review), 1704; Intro¬ 


duction 0 la ChLraic G£n£raJe (Copaux, book review).. 1877 

CblotalnitraniUne group....... 1862 

Chlorides,, contrasting effects of, and sulfates on the H-ioo concn. of acid aolns. 1981 

Chlorination, influence of catalysts on the, of hydrocarbons.. 120 

Chlorine, action on hydrazine, hydroxylamine and urea, 124; action of 10% thymol-CHGU 

preservative on the, content o! urine, 440; replacement of sulfonic groups by. 2Q2S 

Chloro-acvt methyl amide . 472 

Cblottt^sefpiperidide........ 473 

Chloro-acet-*-propylamide, and he xaraethylenetetr ammonium suit ...472, 473 

P-Chtaro-acetylaminOacetopbenoac. 469 

4-Cbloro-acetyUmuio»5-ethaxyphenal............. 1468 

4'Chlaro~aeetylaminO'6ethoxypbenn3........ 1460 

4-Chloro-acct ylami nogmdacol .... 1437 

3- Ckloro-acrtylamiaagimlaccI. 1438 

4- ChloTO.acrtylAmino-6-bydroxy-broit3jesuhon.ie odd. 471 

4-Cbloro-acetylamlno-5'awthoxyphenoi. ^ ........ (467 

LChlot o-acetylamino-2-napbthol....... 460 

l-Chloro-iKrtyUiiilBO-4-uaplithol.......» 4^ 

o-CWoro-a^yhunlflOpheaol... 438 

P -Ctdoio-acety laarino- pbenolacetic acid.......... 400 
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iu>CMoro-*<*tylammophenQxy*cetIc acid..,.„.... 4^5 

o-Cfaloro-ocetyiamlflopbenyl acetate. 458 

4-Chloro-acetylamino-pyrocatechol......... w . 468 

Chloro-acetyl-w-anisidjoe... „. J452 

Chlaro-acetyl-o-auisiiline. 1451 

CUorO'OOetyLaatbnuuUc acid, ethyl eater of. 469 

Odoro-aeetyl derivative*, certain aromatic amines and. 458 

Chlaro-acetyl-ethylurea. 473 

Chloro-acetyl* iV-me thy Ion thr anil lc acid, and Et eater. 470 

CUoro-acetyl-W'phenetidine. 1452 

Chloro-aeetyi-o-phenetidine. 1452 

Chloro-accty l-P-phenetidine. 1453 

Chtaro-acttylsutfanilic acid, »ttd sodium salt. 470 

Chloro-betizcoc. prepn. of hexanitro-diphenylatnine from . 1013 

Chloro-derivatives, prepn. of org. 2028 

fl-Chloro-2.3-dibromojuglone. 840 

Chloroform, action of 10% thymol-, preservative on the Cl content of urine.... 440 

p-Chloroiodobenzene. 293 

2-ChlorojugIone .. 836 

Chioromethylauthnuiilic acid, N» salt of. 470 

ff-Chloropropioaic acid, isoamyl ester. 844 

d-Chloropropiophenone. 845 

Chromanes, synthesis of. 665 

Chrysophaaic acid. 698 

Cinchona alkaloids, simpler, and their dihydro derive., 817; syntheses in the cinchona series, 

817, 2090. 2131 

Cfachouidine. hydrochloride, 819; quaternary Balls of . 2094 

Cinchonine, hydrochloride, 819; quaternary sails of. 2092 

Cinnamic acid, tadiaizatioa of. 295 

ChwamyUdetK- isotonic acid, dimethyl ester. 767 

Citric acid, Te add salt. 343 

Coni, use as a substitute for talcum to induce rapid boiling... 1189 

Cobalt, passivity of. 1902 

Cohesion. 970, relation of the intensity of the in ter mol. electromagnetic field to, and valence... 974 


Colloids, mutorotatioa of gelatin and its significance in gelation, 135; tyndallxneter for the 
damn, of, 297; retardation by sugars of diffusion of acids in gels. 358; influence of the age 
of ferric arsenate on its peptization, 713; jellies by slow neutralization, 763, mol. mechan¬ 
ism of conoid*! behavior—swelling of fibrin in alkalies, 1503; vibration and syneresis of 
silicic add gels, 1329; mol. mechanism of colloidal behavior— chem. nature of the adsorp¬ 


tion of odds and alkalies by the protein mol.«.-.. 1511 

Color, variation in anthocyanins, 208; in Relation to Chem. Constitution (Watson, book re¬ 
view), 710; pbtbalie add derivs—constitution and.,1289, 1293 

Coloring substances, yellow, of ragweed pollen.. 1285 

Compressibility, detn. of, of solids at high pressure*, 12, of aq. eolna., especially of urethane, 

59; of aq. solus, of casein and peptone.- - - -.-.. 346 

Computation. Graphical and Mechanical (Lipkt, book review).. 711 

Condition equation, for liquids and vapors.*. 689 

Conductivity, electric, of alk. earth formates in anhydrous formic add, 72, application of therm¬ 
ionic am pl ifi er to, measurements, 1515; measurement of the, of solos., 1727, studies in, 

... 1^34 

Containers, permanent marking of gioas vessels. 359 

Coordination number, valence, and covalence.*... 926 

CopperaUmrate..... .... 2062 

Copper chloride, action of CuCl with compds coats- the trkhtarometby) group.... J129 

Copper seienote.-...-. **9 

Copper selenite, oxidation by Cl.-.*. *56 

Copper thiocyanate, addition compd. with quinoline..* • *. 

Corn, soft, its chem com pa. and N distribution...... 

Com cobe, prep®. of xylose from.*. . • 

Cotnnaranea, synthesis of...*..... ^ 

Covalence........*.•** ■-*-**" • 1543 

Crab gram, of Uk ash of, as affected by the sofl in which it is grown.... 1384 

Ceuattoe, osidatioa by mercuric acetate...*. 1109 

m-Cretoi, derive of ethers of> 1431; nftroderiv. of...-...»* 3W* 
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e-Cresoi denvt of, 662, derfva of ethers of. 1451, nitro derivs of 
P-Creaol deriv9 of 661. nitro deriv of 
o-Cresof-J-sul/oaic acid action of Cl on 
w-Crtsolsulfonic acids, action of Cl on 
^-Cresolsulfonic acids action of Cl on 

Crystals method of growing large perfect, from soln , 1060, new method of chem analysis 
Cupferron 

Cuprous chloride etc See Copper chlorides, etc 

Cyanide, liquid NH*-Na method for halogens in org compds the formation of, and method of 
removing from the soln 
Cyanogen chloride prepn of 
Cyanunc acid 

Cyclic compounds modified graphic formulas for org 

Cyclohexane, dielec const of 

Cydohenanol dielec const of 

Cydohe*anone dieiec const of 

Cyclopropane series 992, 1093 1249 1379. 1644 

Cytosine aldehyde, synthesis of 
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2041 

2032 

2033 

2034 
1168 

276 


1051 

1241 

1006 

1029 

2002 

2002 

2002 

1697 

810 


2'-DlACETYL AM1NOFLAVONE 9* 

3'-Diacetyl-aminoflavone 95 

4 / *DUcetyl-aminoflavone 95 

Diacetyl 4 anunopjTOcatecho! 146^ 

6,8-Dianuno-benzoyleneurca 2060 

Di p-aminopberry! xrsinic acid 454 

1 ,2-Di benzoyl 2 aeetaxy 3 pbenylcyclopropane 1261 

1.2- Dibenxoyl-2 bromo-3-phenylcyclopropane 1261 

1,2 Dibenxoyl 3 pbenylcyclopropane and dersvs 1253 1254 

y,y Dibrmuo -7 nitro-6 phenyl propyl (4-bromophenyI) ketone 1648 

3,5-Dibromo-4-phenyl 6-(4-bromophenyl) debydropyrone 1 2 1097 

»-y Dibromo-0 pheoylpropyl (4-bromopbenyl) ketone 1653 

2,4 Dichloro-5 acetanunophenol 460 

2.4- Dichloro-5 acetanisidide 462 

2.4- Dich]oro-5-aminof>heziol 461 

2.4- Dichloro-5-anisKline 462 

2.4- DichIoro-5-chIoroaoetyla mi co-phenol 461 

1 .2- Dichloroether prepn of 1122 

N,N'-ft,fi (J-Dichloro-ethoxy-ethylidenebis-o-nitramltne 1864 

N,N'~ft ft 0-D4cbloro-cthoxy-ethytidettebts-p nitramline 1865 

ft ft' Dicbloroetbyl sulfide 1414 effect* of acids aud bases on the surface energy* relations of 1977 

V N’~ft,0 6- Dichkiro-hydroxy-ethyUdenebU-o-ni tranilin 1863 

2.3- Dtchlorojuglone 837 

iV,A T '~/J,6.6-Diehl oro-metboxy-ethylidencbis-o-nitr aniline 1864 

2.4- DichktroquinaxoUoe 2061 

Dielectric cowtuto, of typical aliphatic and aromatic hydrocarbons cyclohexane cyclohex¬ 
anone and cydohexanol 2002 

2 4-DJetboryacetaniIide (471 

3.4- DietboxyscetanSide 1464 

y-Diethoiy-acetoacetic acid ethyl eJter of 8(2 

2.4- Diethoxy aniline 1471 

3.4- Diethoxy aniline 1465 

2.4- Diethoxy ch loro-ace tanihde 147 2 

3.4- Diethoxy chloro -aceta mitde J 465 

Diffusion retardation by sugars of of acids in gels 358 

Digitalis, leaves—effect on activity of temp In drying 125 

Digitaria sanguwali* 1384 

0 »j>'(?)-Dihydroxy-diphenyIarsonic add 1449 

p t ft '-DUtydroxy-diphcnylarsonk acid 1448 

>-Di(hydraxy-isopropyl)benzene 1680 

XMhydroxythymoquftiooe, reduction by means of Pd-II 1873 

p- Diiodobeurme 393 

1.4- Dibopropenyl ben teat 1682 

1.4- Dii ao pr o p en yi-A*, «-dihydrob en xene * 1683 

1,4- Dibopropy l cy cloh raa p e, deny of , , , , ... ,,, 1676 
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Dike t ohytlrin dcnc 122 ^ 

3 , 5 - Dlnjctbo*y->-Ucetophenetide 

2.4- DltnethnxvaniUne 

2 . 4 - Dtmethoxychlar 0 -acetsm 1 ide 

3.4- Di metboxy c hloro- ace t a nili de 1^1 

3 J 5-EHtnethox7-4-«thoxybfraw?neiuo-S-naphthol 809 

3,5'Dimethaxy-4-«thoiy 1 -dipheny lurea gOg 

3.5- Dftnethaxy-4-ethoxy-lodobenxene 807 

3.5- Dimetboxy-4-ethoxy phenyl urea 808 

3.5- Di metboxy p phenetidine 80 3 

2.4- Dimrthoxy' quin azoline 2061 

1.3- Dimethyl-5 aminourscil 785 jgg 

1.3- Dimethyl-benxoylene-urea 2062 

«*,<*-Dimethyl-0-phenyl -jr-bcnzoylbutync acid and oxime 6 g 7 # £90 

tf,a-Dimethyl-0-pheny! y-bemoylcrotolactonc 669 

а, a-DimcUiyl-0'pb«ay! 7 -(phenylg 1 yoxyl)propionic add, ethyl ester of 691 

Di-a-naphtbylWuret 2011 

Dlnitro-aoetyl-reaacetophenone 265 

б , 8 -DinitroheBXoyleneurea and salts 2059 

IHnttxochlorobenxeoe 1015 

3.5- Dtoitro-o-crcsol 2045 

3.5- 0initro-p-aresol 2046 

Dinitro-dipbeoylarmne 1016 

Dinitro-res acetophenone and pbenylhy drazooe 265 

2.5- Diphenyl 4-(<*-scetoxyben*yl)furane 1255 

1.4- Diphenyl 2-ben*oyl-4-chlorobutadiene 1260 

2 < 5-Diphenyl'4-benioylfunme and oxime 1257, 1258 

Dipheny Ibi uret 1007 

2.5- Dlpbcay}-3-bramo-4~bcnz&v)futtne 2257 

2.5- DipheflyM-(**-broin©benxyl)fttrane 1255 

2.4- Diphenylbutene-3 acid ! and Me ester H37, 1138 

l^-Dipbenylcarbiuyl 3 phenylcyclopropane 1259 

1.4- Dipbeoyl-l 4-d‘»chloro'3-benxoyl butene 4 1259 

2 5 Dipheny If urane carboxamhde 1258 

4.5- Dipheny If urane-earboxamUdk 2 1263 

2.5- Diphenylfurmne carboxylic acid 4 1258 

3.5- Diphenylfurane-carboxyHc acid 2 1263 

2.5- DiphenyM~(« hydroxybenxyl)fur*ne 1256 

2.4- Dipbenyl-4-hydroxy-l,l-butanedicajboxyUc acid 1136 

fi, #-Diph*nyl-3-hfdroxybutyTic acid, and lactone 1135 1136 1138 

Diphenylmelbyl-carbjnol-fi-axodimethvUniline 1 265 

Diphenyl me thy l-carbinol f-axo-0-naphthol 1265 

Diphcnyl-a-naphthylmethyl, properties of 1655 

4.6- Diphenylpirone-1,2 1100 

1.4- Diphenyl urelidone 384 

Directory, Annual Chem of the U S (Lovelace and Thomas book review) 296 

Dhpeftt eyatems, tyndallmeter for the examn of 297 

Distribution ratio, ealen of tht temp coeff of the, 1718, rtlatwoi between, temp and concn in 

system water-ether-succlnic acid 1721 

Di-o-tofylbinret . 1009 

Props, detn of surface tension and the wt of falling 499 

Drop-weight apparatus 507 

Dyta, ayntheal* of 8avooe-aio-d-naphthol, 83, new type of naphthalene, 833, asymmetric, 1264, 
uo, derived from bydrocupreine and hydrocupreidise 2131 

CkESGY. free, of the H halides in at} solo — free, of formation of HQ . 1991 

Electrical apparatus, for vac in electrometric titration 1338 

Electrical precipitator, for analysing smokes 587 

Ekctrodepocilion, H overvoltage—applications of its variation with pressure to, of metals . 2013 
Electrodes, normal H vr the normal calomel, 1090, applicability of the pptd Ag AgCl, to the 
measurement of the activity of HC1 io extremely dU solos , 1173, potentials of the Zn and 
Cd, 1787; oedttrion of H and O by metal, 1887, 1892. 1895 , 1897 

Electrolytes, activities of the ions of strong 1086, 1378, degree of ionisation of very dfl 1931 

Electrons, arrangement in atoms and mol* .. * • ..»* *» ♦ W8 



Emodin methyl ether.......... 608 

Emulsification, of water and of ammonium chloride solns. by means of lampblack.............. 940 

Eaaymeg, action on starches of dlff origin, 1123; influence of aspartic add and asparagine «t 

hydrolysis of starch by.. ..... I860 

Equilibrium, electromagnetic hypothesis of the kinetics of heterogeneous, 970; Spectrophoto- 
mctric method for measuring the, and affinity const*, of the phcnolphthalctns and phenol- 

aulfonephthalelns.... 1031 

Esters, ke tonic, 422; prepn and hydrolysis of, derived from the substituted aliphatic ales., 424; 

addition of nitromethane to unsatd... 764 

Ethers, cyclic, from o-allyl phenols, 648, certain amino and acylamino phenol..... 1430 

w-Bthosy-benaylphenylarea, and hydrochloride. ....386, 387 

Ethyl alcohol, oxidation by means of KMnCh... 1267 

Ethylene, analysis of mixts. of, and acetylene... 1180 

Ethylene chloride, action of Na*S on.... 1430 

Ethylenechlorohydrin, 1414, coumarane from phenol and.. 669 

Ethyl ether, relations between distribution ratio, temp, and concn. in system: water—succinic 
acid-, 1301,721; equation of state for liquids and vapors—vapor phase of, 589; system: 

water succinic acid*-.... 1719 

Ethyl bydrocupreidine, and derivs...830, 831 

Ethyihydrocupreine, derivs. of, 824, 825; quaternary salts of. 2U8 

Ethyl iodide, prepn. of.. 797 

2-Ethylmercapto-6-chloro-4-aldehydopyrimidme, and derivs .813, 814 

2-lJthylmercapto-6~axy-4-aldehydopyrimidinc, dtethylacetal of, and action of P halides on. 813 

l-Ethyl-6-phenyl-2,4-diketohexab5’drocyanidine . 387 

Explosives, Chimics delle sostsnze esploaive (Giua, book review)..... 1878 

FATS, Edible (Mitchell, book review). 476 

Patty acids, volatility with steam of lower, is dil. aq. solns. 1946 

Feces, estn of S in. 1494 

Feeding stuffs, estn. of S in. 1494 

Ferric arsenate, etc. See Iron arstnoU, etc. 

Kerrocyxnides, detu of... 1776 

Fibrin, swelling of, in alkalies... 1303 

Fibroin, destructive distn. of . 1147 

Film, measurement of the thickness of, formed on glaas and sand.. 477 

Ftevone, synthesis of, derivs..... S3 

Flavoue-axo-5-n»phtbol, synthesis of, dyes... 83 

Flavoools, 1285, reduction with Mg and some org. acids.... 215 

Fluorine, crit. study of the K and Na double salts of PbFl as sources of... 1477 

Foods, Chemistry of (Sheiman. book review), 847; detn. ofSin...1317, 1494 

Formic acid, cond. of alk earth formates in anhydrous, 72; behavior of mints, of 2 salts cootg. 
a common ion in anhydrous, sdn , 1921, transference numbers of the formates of Na, E 

and Ca in anhydrous, 1934; volatility with steam in dQ. aq. soln. 1946 

Formulas, modified graphic, for org cyclic corapds.... 1029 

French. Cbem (Dolt, book review).... 474 

Fructose, mutnrotatkra of..... 559 


Gallium, purification by electrolysis, and the c ompre s sibility and d. of, 133; extn. from Zb 


oxide, 947; sepn. and detn, of, when aasoed with Zfi.. 1491 

Gallium chloride, pnrificatioa by sublimation and analysis of..... 131 

Galvanometer...... 1362 

Goa, automatic variation of. pressure and its application to circulation of.... 53 

Gelatin, matorotatkm of, and its significance in gelation.. 135 

Gelation, mutaroUtion of gelatin and Hj significance in..... 335 

Gels. See CoUoUi 


Gentian violet, its selective bactericidal action....... 

Germanium, extn. from Zn oxide... ..... 

Glass, permanent marking of, vessels, 359; meas ur ement of the thickness of film formed on .. t % , 

Gtwcopheres.....*, . ......... i., 

Glucose, mutarotatfcm of.......... 

Glycol, oxidation of............ 

GlycofUc aldehyde, aridatton ol .. *,.... 1 ,, 

Glycoftic add, oxidation of.,.... 

Gfyeyf-amoibcadds, tf-*ab*tfttrted...... 
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Glyexai, oxidation of... I j W 

GlyoxaHe add, oxidation of. 

Gold, deto. of, especially in animal tissue. j 

Grignsrd reagent, action of halogens on the..287 


HAI/KjSKA.T10N, 287, 292, 1312; of jugloue, 833; replacement of sulfonic groups by Cl and 

the prepn. of org. chloro-derivs.. 2028 

Halogen-oxy adds, zircon yl compels with the. 1722 

Halogens, action on the Gfignard reagent and the replacement of halogen atoms by one another, 

287; liquid NH*-Na method for, in org. compds., 1051; detn. of the. 1898 

Helvetica Chimka Acta (book review). 1150 

Hexamtro-dlphenylamine, prepn. from chlorobenzene. 1013 

History, of four-mc inhered cyclic urea*, 370, of Scientific Developments (Sarfcar, book review), 

475; of Chemistry (Moore, book review), 853; Chemistry in Old Philadelphia (Smith, book 

review).1313, 1704 

Homo-* ntiaroi... 806 

p-HotnosaHcyJaJdehyde, derivs. of. 268 

Hydradne, action of Cl on.,.. 124 

Hydrocarbons, influence of catalysts on the chlorination of, 120, dieiec. const*, of typical ali¬ 
phatic and aromatic. 2002 

Hydrochloric acid, applicability of the pptd Ag-AgCl electrode to the measurement of the 

activity of, in extremely dil solos , 1175; free energy of formation of gaseous. 1991 

Hydrocinchouidine, hydrochloride. 820 

Hydrocmchomftc, hydrochloride. 826 

Hydrocupreidine, and derivs , 827, 828, 829; axo dyes derived from. 2131 

Hydrocupreine, and derivs., 821, 823; quaternary salts of, 2117; axo dyes derived from. 2131 

Hydrogen, overvoltage. 194, chem action produced by Ra emanation—combination of O and, 

531; normal, ws. the normal calomel electrode. 1090; reduction of dihydraxy-thymoqmnonc 
by means of Pd-, 1873; occlusion by metal electrodes, 1887, 1892, 1895, 1897; overvoltage 

—applications of Its variation with pressure to reduction, metal solo, and deposition.. . 2013 

Hydrogen chloride. See Hydrochloric acid 

Hydrogen hsJides, vapor pressure and free energies of the, in aq. sdn.. . . 1991 

Hydrogen ion, influence of, concn. on enzymic activity of 3 typical amylases, 23!; contrasting 

effects of chlorides and sulfates on the, concn. of acid solns. . . 1981 

Hydrolysis, of esters derived from the nubstituted aliphatic ales... 424 

Hydronitrogena behavior of the, and their derivs in liquid NH» .1769 

HydrOquinidine, hydrochloride, 826; quaternary salt* of .2115 

Hydroqninine. end hydrochloride, 819, 820; quaternary salts of. 2101 

o-Hydroxy acids, rotatory powers of the amides of several, of the sugar group.1141 

2*Hydroxy-3-allylbenxoic sdd, and dibromide. ..... 665 

?-Hydroxy*3-a11ylinethylbenxoate. sad dibromide 664 

Hydroxyanthraqtdoones, certain metallic deriv* of.2081 

B-H ydnxxy -2,5-dibron*ojugionc. M0 

Hydroxy-etfcylpbeny l ether, couamat from. 669 

Z'-Hydrexyflavon*... .93, 97 

3'-Hydnnyfiavooe......... • • • -96. 98 

4'-Hydroxy flavone. .....*.96, 98 

Hydipxytamioe, action of Cl on. 124; volumetric detn. of. 1363 

Hydrorxy methyl -an thraqu in ones, analysis of R*mcx crispus, and a comparison of its, with those 

from certain other drags. 

i >'Hydroxypheny 1-ersonic add, prepn. of Na salt of. 431 

Hyditaypheoyl-afsotiic arid*, isomeric. 1440 

d-p-Hydrox yphen yf-hydrocinnamk arid... 101 

y-Hy dr e iyp co py l phenyl ether, and chromane therefrom.-.* - 66* 


fLBX mmitoria, as a native source of caffeine. 

Indicators, gutocae-phroclite theory of... 

lodhnetry, AasOsaa a standard subotaoce In.. 

Jodta*. direct lodtois&ttea by means of HNOs and. 292; standard, srin* 

lodiuiaatioii, dSract, by means of I and HNO*. 

Io doa«tyl-aarth*a»ttk arid, ethyl ester of. 

3 "Iodobenmdc arid, prep©, of...•. 

Mododsaamfc arid, prep©, of.* * - • *- 

Mndnahiobsmaua.*- 

^odnphmykoeUe arid, prep©. of. 
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4-Iodo-c-phthiihc add prepn of 294 

®-Todoproptonic odd, isoamyl eetcr 844 

fl-Iodopropiophenone 846 

Ionization electrolytic, degree of of very dil electrolytes 1931 

Ionization, gaseous ratio of chem action to 346 

Ions electrolytic activities of of strong electrolytes 1086 1378 intermediate and complex— 
soly product and activity of the ions in bi-bivalent salts 1155 behavior of mixta of 2 salts 
contg a common in anhydrous formic acid solo 1921 

Iron Chem Analysis of (filair book review) 1315, electrometric titrations with special reference 

to the detn of ferrous and feme 1337 IIC1 color method far detg 1531 

Irtm aluarmte 2082 

Iron arsenate influente of the age of on its peptization 713 

Isoamyl iodide prepn of 798 

Isoeyanic acid, condensation with a Schiff base 379 

Isomorphism 1543 

laostensm 1543 

JACK bean translocation of the mineral constituents of the 282 

Jellies by slow neutralization 763 

Juglone halogenation of 833 

KeTONFS 411 

i-Ketomc acid reduction of 1135 

Ketonic esters brominution and bromine derivs of certain 683 

Kinetics electromagnetic hypothesis of the of heterogeneous equll 970 

4-LACTONE brommation of unsatd 688 

Ump block emulsification of water and of NTfsCf aofns by means of _ 940 

Law*, of concn ' solns general b p law 729 

Lead potassium fluonde as source of F 1477 

Lead sodium fluonde as source of P 1477 

Lead tetrafluonde K and \a double salts of as sources of F 1477 

Lecithin and Allied Substances (Maclean book review) 8S3 

Lipins (Maclean book review) 833 1730 

Liquids equation of stale for 589 unique case of a that exhibits a nuu ad> in an unstable 

region 741, structure of 970 

MAGNESU.M *n broraotolutne action of I on 290 

Magnesium o-bromotoluene action of I on 290 

Magnesium p bromotoluene action of I on 290 

Magnesium p bromotoluene action of Cl on 292 

Magnesium ethyl bromide action of J on 290 

Magnesium ethyl iodide action of bromine on 291 

Magnesium phenyl bromide action of I on 288 action of Br on 291 action of Cl on 291 

Magnesium phenyl iodide action of I on 2B9 action of Br on 291 action of Cl on 292 

Magnesium w-propyl iodide action of bromine on 291 

Manganous potassium tartrate 934 

Manganous tartrate 934 

Mann He See Manmtol 

Mannitol, some physical properties of and its aq solos 1 707 

o-4-Mannoheptooic add, amide of 1140 

Meat, supposed occurrence of methylgnanidine in 1 109 

Mercuric acetate oxidation of creatine by 1 f 09 

Mercuric thiocyanate, addition coropd with quinoline 1028 

Mercurous chloride, normal H si the normal, electrode 1090 

Mercurous thiocyanate addition coinpd with quinoline „ 1628 

Mercury vapor pressures of in the range 120 ® to 250® 1783 

Mercury compounds org derived from p-bromo dicietbylenUine lMl 

Metal, occlusion of H and O by electrodes, 1887 1892, 1895, 1897, H overvoltage—applications 

of Its variation with pressure to, sola and deposition 2013 

2'Metboxy-4-ethoxy acetanilide . 1469 

3- Metioxy-4-ethoiyacetanilidc ,, ,.1461 

4- Methoxy-5-ethoxy acetanilide , , . 1462 

4-Methoxy-6-e thoxysceUailide 1470 

2-Metho*y-4-«thox yanGine „ 1470 
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3~Mrthcwy-4-ethoxyaniUne... 

4-Methoxy~5'ethoxy&mline. ... . 1462 

4-Methoxy~6-ethoxyajiiUne. | +70 

2«Metbo*y-4-etho*y-eblorc*acetaiiUtde. \47Q 

3- Mcthovy'4-ethoxy-chloroacetamlide. 1462 

4- Methaxy-5-ethoty-chlaroacetauitide . 

4-M*thoxy-6-etboxy-chlaroacctanjUdc. 1471 

A'-Methyl-P~«ro-idophenoJ sulfate, prepn. of. 270 

J» Methylamino-uracil. .’ *" 7gg 

3- Methylbenxoyleae-nrea.. 2667 

-y.y-MethyrbensoyM-phetiyl-butyrGl&ctone. 997 

•y, y-Methylbe® xoyl-3-pbenyl-buty redact one-carboxy lie acid, Mr ester. 997 

.VM ethyl-3-bromo-uradl.. 7g7 

Methylcapsaicio. . .'. 1116 

2-Methyl-3'Chloro-«cetylamioo-phenol. 459 

4- Melhyl*5-ch!oro-acetylamino-phfno] . , . 459 

a-Mrthyleoumarane. gj 7 

Methyl-o.a-dimethyl-d-pbenyl-y-benAOi'J butyrate, bromination of . ,687 

Methylene-coumaranes. . .. 648 

3.4-M<Mhylened»oxy-ch]©roacrt anilide . I 457 

Mcthylcue-diurethane, and amines. 1012 

a-Methylems/l-naphiho-dihydrofurane . . . ,. 663 

Methylguanidice, supposed occurrence ©C, m meat ... . n09 

Methyl iodide, prepn. of. . . ., 796 

.^Methyl-^-methoxy-acetanilide . 1453 

2- Methyl-4-methoxy'ani|ine 1454 

3- Methyl'4-methoxy-aniline ..... 1453 

2- Metbyl'4-mcthoxy-chIaro&cetamHde . 1454 

3- MetbyJ-4-i&cth<>*y-chloroftcets*nilldr. 1454 

l‘Methyl< 5 -auethyian 3 tno-tiracil, and ptcrate ... .... 786 

3-Methyl-VmethyWiiKHuracil . . . .788 

o-Methyl-a-methylece-coumarane .... .... 662 

p-MethyI-a*methylenc-counjaraTif . 662 

3-Methj'luTRcil. prepn. of. 786 

MetoJ, prepn. of. 270 

Milk, farms of N in pratem-frce 388 

Molasses, cotnpa. and calorific value of. derived from sugar c.ine . 1432 

Molecular weights, detn. of, by the b -p method 738 

Molecules, arrangement of electrons in.... 868 

Molybdenum, clean-up of N by a healed, filament .... 167 

Moucnite, analysis of . ,47, 49 

Mustard gas, See fi.fi'-Oichloraethyl sulfide 

Myrioetin. ... 215 

Myricitrin. 215 

Naphthalene, new type of. dyes ... 833 

0-Naphtho(, derivs. of. 663 

« Naphthylamine, carbonyl-diurethane and 1011 

frNiphthylamine, carbonyl-diurethane and . ..... 1010 

Neutral salt action, on activity of ptyalin, 228; catalysis . .1092 

Nickel aluarate.. , .. 20 82 

Nitration, <rf sucrose... ..... 235 

Nitridattan. deetrolytfc, of various anodes in s sola of NH«Ni.. 1709 

Nitric add, iodioisation by means of I and. . 292 

Nitrites, detn. of. 524 

Nutrition, Cbemistgy of (Sherman, book review)..-. M7 

3>Nltro-7.seoteinls<^benaolc add, and salts .- • 2065 

5- Nitm-2-amijK)bensdc add, and derivs . . - .. 2066 

m NitroanOlno-iulfonjc add, action of Cl 00 . 2037 

Nttroanlltoe-solfouic add, action of Cl on.. ■ * * 2036 

^-Nitroanflim-auUoeic add. action of Cl on. 2036 

**Nlty>o-£-aftlaid!ae.. 1455 

^Nitm-bensoyitoe-urea, and Na salt.■ • - ‘2058, 2059 

NitrtKbensoyleoe-ureaa, synthesis of certain. 2032 




















































2i68 


INDEX. 


p-Nltrobenzyl cyanide........... 204? 

P-Nitrobromoben*ene.,..... 2047 

Nltrobrotnopaeonoi, and pbenyihydraxonc.*............. .202* 203 

Nitro-Y^-bromopbenyl-butyrepiienone....*. *.«* 1382 

Y-Nitro-'y-bromo-8-pbenylpropyl-(4-bromophetiyl) ketone.. 1647 

0-Kitro-Y-bromo- 7-phenylpropyl-tertiarylbut yl ketone..... 1703 

P-Kitrochlorobentene.......... 2046 

Nitrocyolopropane, derive, of... ..... 1379, 1644, 1497 

2- Nitro3«vancme. 104 

Nitrogen, clean-up of, by a heated Mo filament, 167; forms of, in protein-free milk. 388; passage 

of trivalent to pentavalent, 631; combination of asymmetric, with asymmetric C and N 
atoms. 634; distribution in soft corn, 1212, cause of, and remedy for certain inaccuracies In 
Hausmann's, distribution method, 1526, genesis of petroleum as revealed by its, constit¬ 
uents. 1690 

Nitrogen compounds, space representation of org..... . 622 

Nitrogen oxides, replacement of sulfonic groups by nitro groups by means of nitrous gases.2039 

Nitro groups, replacement of sulfonic groups by... 2039 

P-Nitro-o-iodotoluenc. 2047 

Nitromalonic aldehyde, condensation of amino compels, with, 770; condensation of 0-amlnO" 

propiophenonc with. 1020 

Nitromethane, addition to unsatd. esters. 764 

3- Nitro-4-tnethojiy-cbloro4teetaniHde. 1455 

6-Nitro-2-methyl-4-quitmzo!one. 2067 

5- Nitro-2-nitrourainino-l>enzoic acid, and Me ester . .. ..2063, 2064 

Nitropaeonol, and den vs. 263 

o-Nitrophenol-4-fiulfonic acid, action of Cl on... 2035 

P-Nitro-pbenol-2-sulfonic acid, action of Cl on. .... 2036 

1-NitrO'2-pheuyl'3(4-bromobcmoyl)cyclopropane. 1649 

y-Nitro-0-phenyI-o-broniopropyl-(4 bromophenyl) ketone. 1647 

Y-Nitro-£-pbenyl-«-bromopropyI-tertiary butyl ketone. 1699 

6- Nitro-Y.7-pb«nyI cbloropropyl-(4-bromophtnyn ketone. 1650 

7- Nitror/?-pheny!-o-iodopropv)-(4-broniophenyl) ketone. 1648 

o-Nitrophenyl-methy!me-diurethane..-. 1012 

Y-Nitro-^-phenylpropyl-(4-bromopbenyl) ketone. 1646 

Y-Nitro-0-pbenylpropyJ-tertiary butyl ketone ... ...,. 1699 

6-Nitro-4-quin&zolone. 2067 

Nitro-resodiacetophenone, and derivs. 266 

Nitrotcduenes, oxidation of o-, m- and P- ......... 1561 

Nitrous add. deto. of. 524 

Nomenclature, of four-membered cyclic-ureas . 370 

OCCLUSION, of H (md O by mct.l electrodes.1887, 1892. 1895, 18*7 

Mtf.-Octylhydrocupreine, dihydrochlonde. . . 825 

Oil*, Edible (Mitchell, book review). 476 

Oieic add, Te salt of. 344 

Ordsol-disttlfotzic acid, action of Cl on.......2005 

Organic Chemistry (Richter, book review), 2148; Introduction to (Stoddard, book review), 1705; 

for Advanced Students (Cohen, book review). 2141 

Organic compounds, liquid NH*-Na method for halogens In, 1051; oxidation with alk. KMnOt.. 138' 
Overvoltage, hydrogen....... 194, 20!.' 


UMUC SCNJ, |C Hit Of, OCUS. Of . . ..... i Xt* 

O xidation, of EtOH by means of JCMnCb, 1267; of org. compds. with alk. KMoGk 1385; aide 
chain, with KMnOt, 1559; electrometric method for the detn. of lenocyanidee depending 

on a change In, potential...... I?7< 

Oxygen, cbem. action produced by Ra emanation—combination of H and. 531; occlusion by metal 
electrodes.. .1887, 1892, 1895, 189 

PXEONOL. umI deri.i........ 26 

P*Il*dJura, reduction of difaydroxy-Utymoqulnone by mens* of. -H.187 

PitttcM, proteolytic activity of fuaullc usylue preps*.....„. 185 

Pereffin., sew rrecdon of...... 3* 

Psrtfde*. i wMwtn , Out *uc at nttruslcroocopb:. 312, reUtlo* b etween ioteneity of Tysd.ll b*Ht 

■■dab* of... 

Pajaf-rity, of Co....... 
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Fepdc, cIkol changes in the purification of. 221 

Pep ll u Ulr ra, in&uenc* of the age of ferric arsenate on its... 713 

Peptone, comprmeibility of aq. wins. of... 34$ 

piwehwta, attempts to prepare. %4 

Peredooic add, attempts to prepare... . .. 954 

Petrol cam, genesis of. os revealed by its N constituents. . 1690 

Phenacet yl-(4-txromobemyl) methane—. 

PhanacetyUtrimetbyiacetyl methane. J702 

PhenacylareaniUc add, substituted.1826 

a-Pbeaecyt-P./^cWoropbenyl-propionic acid, Et ester. 1103 

Phenacyl esters. 75 

o-Phenacyl-d-nitropropkmk: add, methyl ester of. 769 

ar-Fhenacyl-d'-altropyrrole. 1025 

Phenetole. nitro deriv. of.. . . . 2043 

Phenctde-sutfoaic add, action of Cl on. . 2031 

Phenol, interaction of arsenic arid and, 432, chromane from, and trimethylene-chlorohydriue, 

669; coumarane from, and ethylene-ckloiohydrine, 069; direct arscnatioo of, 1440; certain 

amino and acylamino. ethers . . . . 1450 

PhenoUU, quinone-, theory of indicators.1031, 1190 

PhenolpbthaletrM, spectropbotometrie method for measuring the equil. end affinity coasts, of 

the.1031 

Phenols, alkaii-iusol.. . .... . 247 

Phenolsttlfooic acid, action of Ci 00. 2032 

Pbenolsulfonephthaleui, reactions of, and its bromo and nitro derivs , and their monobasic and 

dibasic salts. , . 1190 

Phenolsulfoaephthttleius. spectrophotoroetrie method for measuring the equil. and affinity coasts. 

of the. 1031 

Phend tctrabromophthaJcin and some of its derivs. .. 1289 

Pbenoxyacetyl arsanilic adds, amides of (4-ar*omc acid>-phenoayacetic acid and the isomeric.. 1834 

d-Pbenoxy-cmnamic add. 87 

Pheaoxy-ethyUrsaniltc acid, substituted. 1826 

5Ph c noxy - by drocio namic acid, and 1U salt ol a dtsulfomc acid of..100, 103 

Phenylacetic add, iodunxation of. 295 

4-Pheuyl-5-acetopyrnj»luie-c*flKncyHc acid, ethyl ester . U08 

4-Phenyl-S-acetylpyTaxoliaediearboxylic acid-3,5, ethyl ester.1108 

A'>-{l > hcnyl-4'ai , »onic acid)-<*'phenylRljcine, and its amides . 1822 

4-PhenyI-5-bearabacetopyraxoliae-carbaxylic add, Et ester. 1107 

2.Pheayl-3-ben*oyl'Cyclopropane-carboaylic acid, and ethyl ester. ... 1101 

4.phcnyt->5^beacoyl*p3 p nuoline-cart>oxylic acid, ethyl ester... 1100 

0-Pbenyl>r*(4-br<>mobenzoy])bulyric acid.. • • 1096 

0-PUenyWY-{4-bromobe3ii:oyl)butyroUctone.1097 

Phenyl-(4-hroowbeaxoyl)pyr«xok. 1099 

f > henyl-(44MXHBobct»oyl>p)T&zole-carb<»xylic acid. 1098 

4-PheDyl-5-(4-brot8obeiiw>yl)pyruxoHnecarboxjUc acid, Et ester.. 1099 

M'heoyby-br©mo-T-<4bri>rnol>entoyl)butync add. and methyl eater.1096, 1097 

2-Pbeayi*3-(4-bft>mopiMmyl)cydopropane'Cartoxylic acid, ethyl ester... 1099 

bl’henyi-3-(4-bffaiaopheijyI)furimc. 1651 

4-Phenyl-6*{4-hroinophefiyl)pyrone-t,2. 1099 

Phenyl-casbelhoxy<biuret t and salts. 1007 

7 . -r-i'tietiyl-chUjroa.UyK4-btoinQpheuyn ketone .....“ 1650 

l l’heuyl^ycJopropane-dicarl.oxyiic add-2,2. 1104 

Phenyb dla r e thane... 1009 

I heaylroe-diamlnes, prepo, of. *56 

1 2-(or Pfecayl-«-ethyte*rbtayl)-2‘ph*nyi'cyclopropane. 1259 

O-Pbeaylglyotjri-d-pheayl-o.a-dimethyl-propionic add.* * 692 

** 5“Heayl-hydrocoumarin ...* • t02 

6- Phenyl-hydrosyiaaine .,. *.... • 276 

PbetiyMsoeyawwrfc ee*d.. k ,. 1008 

hen yl-3,3-methylh«iu:oyl'CydtH?ropajie-d tear boxy lie add, and dimethyl ester.998, 999 

J'hfoylmethyienedi urethane. m2 

f J henyl-J.methjrbi-pyrasdoo*. condensation with anhydrides...*«• • ..*. 707 

>-Pb*nyb^itftn>aIkyM4-bT(Haophenj'i) ketone....- ^ 2 

Phenyl-y-edtro-ethylJBudooic add. methyl ester of.. ....*. ***’♦••♦• 7W 

7- Phroy^^nit r »p»ope n| d-(4-broinot>hwl) ketone... 

4- p haayb pyr»*oieKart«*ylk add, ethyl eeter. 
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I Pheuyl-2-trimethyiacetyl 3-nitrocycIopropane ifOO 

Phenylurea condensation with benzaldehyde 385, 386 

Phthaiic acid, lodinization of o, 294, den vs 1289, 1293 

Phtbahmide, prepn of K 843 

8-Phthalyl propiomc acid, and isoamyl eater 844, 845 

d-Fhthalyl propiophenooe 846 

Physical Chemistry System of (Lems book review), 1474, Textbook of (Lincoln book review) 1475 
Physics, New Science of the Fundamental (Strong book revitw) 851 

Pinene, optically active mtroaochlonde and synthetical active 361 

Pit in tan es method of tissue analysis applied to the posterior and anterior lobes of cattle 1225 

Pollen, protein tut of ragweed, 670. yellow coloring substances of ragweed 1285 

Polymerization, of water 59 

Potassium formate transference number in anhydrous formic acid |934 

Potassium hydroxide decompn of SnCIt by solus 1969 

Potassium lead fluoride as source of F 1477 

Potassium manganous tartrate 9*4 

Potassium permanganate, oxidation of htOH by mean!* of 1267 oxidation of org compdt with 

oik , 1385 side chain oxidations with 1559 

Potassium plum bate prepn and properties of 1478 

Potential electric electrometric method for the detn of ferrocyanide depending on a change in 

oxidation 1776 of zinc and Cd electrodes 1787 

Potentiometers 1359 1361 

Pressures detn of the compressibility of solids it high 12 automatic variation of gas 53, chem 

reactions at low 167 solv—relative values of internal and their practical application 1067 

PTopyl alcohols esters derived from halogen substituted 428 

A Propyl iodide, prepn of 797 

Proteins, 1147, 1233 ext of ragweed pollen 670 chem nature of the adsorption of acids and 

alkalies by the mol 1511 

Ptyalm effect of neutral salts on the activity of 228 

Pump vacuum 51 

Pynuoltnes ketomc 1098 colored condensation products from ketomc 1105 

Pyrimidines 782 810 

Pyrogallol synthesis of certain substituted ethers 798 

QuantLM theory (Lewis book review) 1474 

Qmnazolines 205 > 

Quinicine, hydrochloride 832 

Qumidme hydrochloride 819 quaternary sails ol 2099 

Quinine hydrochloride 819 quaternary salts of 2095 

Quinoline new addition eocnpds of with certain in org salts 1027 

Quin one, phenoiete theory of indicators 1031, 1190 

RADIUM emanation chem action produced by—combination of H and O, 531 chem action 
produced by—chem effect of recoil atoms 551 

Ragweed, protein ext of pollen 670 yellow coloring substance* of pollen 1285 

Rare earths 718 

a-Raya, action on pure O and II 545 

yRay, activity of Tb D 50 

Rays, R hot gen chem analysts by 1168 

Reactions, at low pressures, 167 ratio of chem action to loabeaLioo, 546, mechanism of chem 

action and the structure and properties of compels 88' 

Reagents, org chem .276, 789 

Rearrangement mol in the acylation of certain aminopheuols ,. 2068 

Reduction, of dihydroxy- thy rooq uioone b ytneaas of Pd-H, 1873 H overvoltage—application* 

of its variation with pressure to 2013 

Resodlacetophrnone, denvs erf . ,. 26 ^ 

Resorcinol, deriy* of the ethers of, 1465, nltro denv of . .,, 204' 

Rttmtx era pus, proximate analysis of, and a comparison of its hydrcrayidethyl-sathraquioooes 

with those from certain other drags ,, 69* 

SAUCVLALDSHYDB, derivs of 267 

Salicylic add, derivs of , ,, , 664 

Salts, effect of neutral, on the activity of ptyalin, 228, ■pectrop hot onset rk method for measuring 
the cotma, of the qoinoidaJ and lactoidal, 1031, soiy product and activity of tb* tons in 
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bl'bivaJent, 1155, behavior of mists of 2 contg a common ion in anhydrous formic acid 
•Oin . . 1 92! 

Salvaraan See Arsphenomtnt 

Sand, measurement of the thickness of film formed on 477 

Saponin, alfalfa $40 

Schlff bases, condensation of isocyanic acid with a 379, action of baste reagents on 1862 

Science, Hindu Achievements in Exact (Sarkar book review) 475 

Seleoic acid 949 

SelnJoua acid prtpa of 951. dectroly tu. oxidation to selemc acid 957 detection of, present in 

aeknlc acid 961 

Selenium, estn from smelter flue dust and from anode slnnr 950 

Selenium dioxide, prepu of 951 

Semicarbaxide, relations between the them structures of carbonyl denvs* and their reactivities 

toward salts of 393 

Silicic acid, vibration and syueresis 0 / gels 1329 
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